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ROBOTS AND EDUCATION 




Super assemblers 
plus the world’s 
largest selection of 
cross assemblers! 


Z-80 

Macroassembler $49.50 

Power for larger programs! This 
2500AD macroassembler includes: 

• Zilog Z-80 Macroassembler (with 
the same powerful features as all 
our assemblers) 

• powerful linker that will link up to 
128 files. Com files may start at 
any address 

• Intel 8080 to Zilog Z-80 Source 
Code Converter (to convert all 
your Intel source to Zilog Syntax 
in one simple step) 

• COM to Hex Converter (to convert 
your object files to Hex for PROM 
creation, etc.) 

• 52 page User Manual 

8086/88 Assembler 
with Translator $99.50 

Available for MSDOS, PCDOS, or 
CPM/86! This fully relocatable macro- 
assembler will asemble and link code 
for MSDOS (PCDOS) AND CPM/86 
on either a CPM/86 or MSDOS 
machine. This package also includes: 

• An 8080 to 8086 source code 
translator (no limit on program 
size to translate) 

• A Z-80 to 8086 translator 

• 64 page user manual 

• 4 linkers included: 

-MSDOS produces .EXE file 
-CPM/86 produces .CMD file 
- Pure object code generation 
-Object code and address 
information only 
Linker features: 

• Links up to 128 files 

• Submit mode invocation 

• Code, Data Stack and extra 
segments 

• Handles complex overlays 

• Written in assembly language for 
fast assemblies. 

• MICROSOFT. REL format option 


Z-8000 Cross Development 
Package $199.50 

Instant Z-8000 Software! This 
package allows development and 
conversion of software for the 
Z8001 , 8002, 8003 and 8004 based 
machines on a Z-80, Z-8000 or 8086 
machine. This powerful package 
includes: 

• a Z-80/8080 to Z-8000 Assembly 
Language Source Code Translator 

• Z-8000 Macro Cross Assembler 
and Linker 

The Translators provide Z-8000 
source code from Intel 8080 or Zilog 
Z-80 source code. The Z-8000 
source code used by these 
packages are the unique 2500AD 
syntax using Zilog mnemonics, 
designed to make the transition 
from Z-80 code writing to Z-8000 
easy. 


All 2500 AD Assemblers and 
Cross Assemblers support the 
following features: 

Relocatable Code — the 

packages include a versatile Linker 
that will link up to 1 28 files together, 
or just be used for external 
reference resolution. Supports 
separate Code and Data space. 

The Linker allows Submit Mode or 
Command Invocation. 

Large File Handling Capacity 
— the Assembler will process files 
as large as the disk storage device. 
All buffers including the symbol table 
buffer overflow to disk. 

Powerful Macro Section — 
handles string comparisons during 
parameter substitutions. Recursion 
and nesting limited only by the 
amount of disk storage available. 
Conditional Assembly — allows 
up to 248 levels of nesting. 


Assembly Time Calculator — 

will perform calculations with up to 
16 pending operands, using 16 
or 32 Bit arithmetic (32 Bit only for 
16 Bit products). The algebraic 
hierarchy may be changed through 
the use of parentheses. 

Include files supported — 
Listing Control — allows listing 
of sections on the program with 
convenient assembly error detec- 
tion overrides, along with assembly 
run time commands that may be 
used to dynamically change the 
listing mode during assembly. 

Hex File Converter, included 
— for those who have special 
requirements, and need to generate 
object code in this format. 

Cross reference table 
generated — 

Plain English Error 
Messages — 

System requirements for all pro- 
grams: Z-80 CP/M 2.2 System with 
54k TPA and at least a 96 column 
printer is recommended. Or 
8086/88 256k CP/M-86 or MSDOS 
(PCDOS). 

Cross Assembler Special Features 

Z-8 — User defined registers 
names, standard Zilog and Z-80 
style support. Tec Hex output option. 
8748 — standard Intel and Z-80 
style syntax supported. 

8051 — 512 User defined register 
or addressable bit names. 

6800 Family — absolute or 
relocatable modes, all addressing 
modes supported. Motorola syntax 
compatible. Intel HexorS-Record 
format output. 

6502 — Standard syntax or Z-80 
type syntax supported, all 
addressing modes supported. 


8086 and Z-8000 XASM includes Source Code Translators 



Z-80 

CP/M® 

ZILOG 

SYSTEM 8000 
UNIX 

IBM P.C. 
8086/88 
MSDOS 

IBM P.C. 
8086/88 
CP/M 86 

OLIVETTI 

M-20 

PCOS 

8086/88 ASM 



$ 99.50 

$ 99.50 


8086/88 XASM 

$199.50 

$750.00 



$199.50 

801 86 XASM new 

199.50 

750.00 

199.50 

199.50 

199.50 

16000(all)XASM new 

199.50 

750.00 

199.50 

199.50 

199.50 

68000 XASM new 

199.50 

750.00 

199.50 

199.50 

199.50 

Z80000 XASM coming soon 

199.50 

750.00 

199.50 

199.50 

199.50 

Z-8000® ASM 


750.00 



299.50 

Z-8000 XASM 

199.50 


199.50 

199.50 


Z-800 XASM coming soon 

199.50 

750.00 

199.50 

199.50 

199.50 

Z-80 ASM 

49.50 





Z-80XASM 


500.00 

99.50 

99.50 

99.50 

Z-8XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

6301 (CMOS) new 

99.50 

500.00 

99.50 

99.50 

99.50 

6500/11 XASM new 

99.50 

500.00 

99.50 

99.50 

99.50 

6502 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

65C02(CM0S)XASMnew 

99.50 

500.00 

99.50 

99.50 

99.50 

6800,2,8 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

6801 ,03 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

6804 XASM new 

99.50 

500.00 

99.50 

99.50 

99.50 

6805 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

6809 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

8748 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

8051 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

8080 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

8085 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

8096 XASM new 

99.50 

500.00 

99.50 

99.50 

99.50 

1802 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

F8/3870XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

COPS400 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

NEC7500 XASM 

99.50 

500.00 

99.50 

99.50 

99.50 

NSC800 

99.50 

500.00 

99.50 

99.50 

99.50 


Subtotal $ $ $ $ $ 


Name 

Company 

Address 

City State Zip 

Phone Ext 

Make and model of computer 

system 

□ C.O.D. (2500 AD pays C.O.D. charges) 

□ VISA or MasterCard#, Exp. Date (mo. /yr.) 


Signature 


TO ORDER. Simply circle the product or 
products you want in the price columns above, 
enter the subtotal at the bottom of that column 
and add up your total order. Don’t forget 
shipping/handling. Tota| $ 

shipping/handling 
($6.50 per unit, 

$20.00 per unit for 

Int’l. airmail) $ 


Check one: 

□ 8" Single Density 

□ 5V4" Osborne 

□ IBM P.C. 

□ Cartridge Tape 

□ Apple (Softcard) 

□ KayproDSDD 


Total Order $ 

CP M is a registered trademark of Digital Research. Inc. 


other formats available, please call! 
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250WD80FTVWREINC 


17200 E. Ohio Drive, Aurora, CO 80017, 303-752-4382 TELEX 752659/AD 
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Get more information in the 
FREE HEATHKIT/ZENITH 
EDUCATIONAL SYSTEMS CATALOG 


Mail to: Heath Company, Dept. 025-218 
Benton Harbor, Ml 49022 


Address 


Master the 
challenge 
of Robotics 


HeathkitB 


Educational Systems 


Systems 


HEROI Robotics and Industrial 
Electronics Training System 
brings to life every major 
robotic concept of present 
and future robots 


SELF-STUDY COURSES 
TEACH ROBOTICS AND 
APPLICATIONS 

Two comprehensive courses in 
robotics and industrial electronics 
take you from basic concepts 
through system design and robot-aided 
manufacturing applications. Learn microprocessor control, 
data acquisition and interfacing, voice synthesis, vision, 
tactile feedback and sensing systems and more. Both 
courses are designed for step-by-step self-study and in- 
clude unit reviews and experiments using HEROI. 

Make HER0 1 your first step into the 
field of robotics . 


NOW AVAILABLE 
WITH REMOTE CONTROL 
AND COMPUTER INTERFACE 


A new wireless Remote Control, with a specially designed 
keypad, lets you direct HERO 1 through all of its teaching 
pendant and keyboard operations. From up to 100 feet 
away you can control all the basic systems found on mod- 
ern industrial robots. And, you can load your own programs 
into HER0 1 from a computer through the built-in RS-232C 
port on the Remote Control. 


NEW AUTOMATIC MODE 
ROM ALLOWS HEROI 
TO TRAVEL FREELY 


Plug this pre-programmed 
ROM into HERO 1 and watch 
as the robot moves around 
while avoiding obstructions. 
An obstacle avoidance program stored in ROM uses 
HERO I s sonar and light sensors to safely guide the robot 
around objects. Open up a whole new realm of experi- 
ments and applications for this full function robot. 
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GUEST EDITORIAL 

4 Robotic Education and by Geary V. Soska, CMfgE 

its Shortcomings 


FEAT URES 

14 Tabletop Technology by Francine Foster and 

Comprehending the factory of the future. James Durkin 

Tabletop construction kits demonstrate the 
operating principles of automated systems. 

18 Robots in the Classroom by Niki Delgado 

Robots can be used in the classroom 
to teach traditional subjects and 
spark the student’s imagination. 

21 Robots in Elementary Education by Garrett W. Larson 

Robots can provide an enriching and Dr. Al Haugerud 

learning experience for elementary 
grade students. 

25 Moravec’s Mobile Robots by Alfred B. Bortz 

Mobile, free-ranging robots are still far in the future. 

Hans Moravec is a man designing tomorrow’s machines. 

32 Robotics’ Role in High-Tech by Robert Fluty 

Education 

Fully educating students in robotics involves far more 
than simply purchasing a piece of hardware. 

35 Using the Polaroid by Glenn Hoffstatter 

Ultrasonic Ranging System 

Adding an ultrasonic ranging device to a mobile robot. 


DEPARTMENTS 

8 Calendar 23 Advertiser Index 

10 Sensory Perceptions 42 New Products 

About the cover: Robots are entering the educational marketplace from preschool through advanced graduate 
education and research. Not all of the robots are being used to teach robotics. Just as computers are used 
to teach other courses as well as computer programming and design, so are robots used to teach basic prin- 
ciples such as problem-solving and elementary mathematics, and more advanced topics such as mechanics 
and real-time design. 

BPA Membership (SMA Division) Applied for, August 1983 
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Micromint will put both a computer 
development system and an OEM dedicated 
controller in the palm of your 
hand for as little as $105* 



quantities of 100 


Z8 CROSS ASSEMBLERS 
FROM ALLEN ASHLEY 
For TRS-80 Model I (XAS01) . $ 75 
For TRS-80 Model III (XAS02) $ 75 

CP/M 2.2 8” (XAS03) $150 

Northstar 5%" (XAS04) $ 75 

FROM MICRO RESOURCES 

CP/M 2.2 8" (MR01) $ 75 

Apple II CP/M 514 " (MR 02) . . $ 75 
6502 based systems (MR03) . . $ 75 
IBM PC 5%" (MR 04) $ 75 

Bfi 


Z8 BASIC SYSTEM CONTROLLER 

(BCCY1). . $149 

NEW Z8 FORTH SYSTEM 
CONTROLLER (BCC21) . . $280 

NEW TERM-MITE Z8 BUS COMPAT- 
IBLE INTELLIGENT TERMINAL 
BOARD (BCC22) . . $284 

Z8 Expansion Board 

w/8K memory (BCC04) . . 

Z8 Mother Board 

w/ 5 gold connectors .... (MB02) . . 

Z8 EPROM Programmer . . (BCC07) . . 

Z8 Serial Expansion Board . (BCC08) . . 

Z8 BASIC A to D Converter (BCC13) . . 

Z8 BASIC 16K Memory Expansion 

(BCC15) . . 


To Order : 

Call Toll Free 
1-800-645-3479 

For Information Call: 

1-516-374-6793 



561 Willow Avenue 


Cedarhurst, NY 11516 

Z8 is a trademark of Zilog Inc. 
CP/M is a trademark of 
Digital Research 


$180 

$ 69 
$145 
$160 
$140 

$155 


ROBOTIC EDUCATION 
AND ITS 
SHORTCOMINGS 

Guest Editorial by 

Geary V. Soska, CMfgE 
Midwest Regional Manager 
Cybotech Corp. 

Indianapolis, IN 

Industrial robots have been in use since the early six- 
ties. Yet only in the past six years has any real emphasis 
been placed on the need for formal training. Unfortunately, 
the majority of colleges and universities, as well as com- 
munity colleges and vocational-technical schools, really 
missed the boat trying to address this need. 

Today, many colleges and universities offer some kind 
of course in robotics. Some even have robots to give 
students hands-on experience. If you visit these colleges 
and universities, however, you will find that in most cases 
the equipment is not representative of current technology. 
You will find that these institutions concentrate almost ex- 
clusively on design and theoretical research, and do not 
teach students how robot technology can be applied to en- 
sure American competitiveness and survival in the world 
marketplace. 

In addition, at most colleges and universities, any mean- 
ingful work done with robotic equipment is at the grad- 
uate level. What a fantastic educational opportunity for 
undergraduate students! 

Problems also appear at community colleges and vo-tech 
schools. Between the news media hypes and the Wall Street 
forecasts that the American robot industry will grow to a 
$2 billion industry by 1990 (20,000 robots if you assume 
the average price of a robot system is around $100,000) 
these institutions have convinced themselves that industry 
will need an army of robot technicians to care for all those 
new robots. 

There are about 7,000 robots in use in the United States. 
Approximately 60 percent of them are at work building 
automobiles. Since it took over 20 years to put some 7,000 
robots to work across the United States, it is unlikely that 
another 20,000 robots will be put to work over the next 
six years. And even if we could put another 20,000 robots 
to work by 1990, each robot certainly doesn’t need its own 
personal technician. 

When this point is brought up to the community col- 
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A Robot’s Dozen 

Thirteen Best-Selling Robotics Books 
From Springer-Verlag 


1 Scientific Fundamentals of 
Robotics 1 

Dynamics of Manipulation Robots: 
Theory and Application 
M. Vukobratovic/V. Potkonjak 

1982. Cloth. $37.50 

(Communication and Control Engineering 
Series) 

ISBN 0-387-11628-1 

2 Scientific Fundamentals of 
Robotics 2 

Control of Manipulation Robots: 
Theory and Application 
M. Vukobratovic/D. Stokic 

1982. Cloth. $45.00 

(Communication and Control Engineering 
Series) 

ISBN 0-398-1 1629-X 

3 Robots 

Planning and Implementation 
C. Morgan 

1984. Cloth. $38.00 
ISBN 0-387-12584-1 

4 Robot Vision 
A. Pugh (ed) 

1983/ Cloth. $47.50 

(International Trends in Manufacturing 
Technology) 

ISBN 0-387-12073-4 


8 Programmable Assembly 

W.B. Heginbotham 

1984. Cloth. $43.00 

(International Trends in Manufacturing 
Technology) 

ISBN 0-387-13479-4 

9 Design for Assembly 

M.M. Andreasen/S. Kahler/T. Lund 

1983. Cloth. $41.50 
ISBN 0-387-12544-2 

Automated Guided Vehicles 

T. Mueller 

1983. Cloth. $34.50 
ISBN 0-387-12629-5 

n Digital Control Systems 

R. Isermann 

1981. Cloth. $44.50 
ISBN 0-387-10728-2 

Flexible Automation in Japan 

J. Hartley 

1984. Cloth. $35.00 (tent) 

ISBN 0-387-13499-9 

FMS Report 

J. Mortimer (ed) 

1984. Paper. $61.00 
ISBN 0-387-13556-1 





5 Decade of Robotics 
J. Mortimer/B. Rooks (eds) 
1983. Paper. $31.00 
ISBN 0-387-12545-0 



Springer-Verlag 

New York Berlin Heidelberg Tokyo 


6 Machine Intelligence 

An International Bibliography with 
Abstracts of Sensors in Automated 
Machinery | 

A. Gomersall (ed) 

1984. Cloth. $50.50 
ISBN 0-387-13191-4 

7 Industrial Design in Engineering 

A Marriage of Techniques 
C. Flurscheim (ed) 

1984. Cloth. $47.00 
ISBN 0-387-12627-9 


Send for your free robotics information package 
today. 


Name 


Address 


City/State/Zip 

Springer-Verlag New York Inc. 

175 Fifth Ave, NY, NY 10010 
Attn: D. Dwek 


Circle 41 



Editorial 


leges and vo-tech schools, they all offer about the same 
defensive response: “We’ll need technicians to install the 
robots. Well need technicians to maintain the robots. Well 
need technicians to troubleshoot and repair them. Well 
need technicians to operate them. Well need technicians 
to program them.” 

These community schools fail to realize that in the heavily 
industrialized areas of this country, where the greatest con- 
centration of robots exists, most of the so-called robot 
technician tasks (with the exception of operating the robots, 
which is assigned to the person displaced by the robot) 
are performed by various skilled-trades personnel. 

TVaditionally, community colleges and vo-tech schools 
have recruited their students primarily from high schools. 
Unless these students can show proof of eight years of 
related work experience or a journeyman’s card, their 
chances for employment as robot technicians are mighty 


slim. What these institutions really need to do is take their 
robot technician programs directly to industry where the 
introduction of robot technology is displacing unskilled 
and semi-skilled workers, thus creating the need to retrain 
these people as well as creating the need to upgrade the 
technical competency of the skilled-trades personnel who 
work with this technology. 

As for colleges and universities, they could best serve 
the needs of American industry by integrating robotics 
courses into manufacturing engineering or manufacturing 
engineering technology degree programs and offering these 
programs from a practical, applied standpoint, rather than 
concentrating almost exclusively on design and theoretical 
research. 

After all, a robot is nothing more than a tool that a 
manufacturing engineer or manufacturing engineering tech- 
nologist uses to solve a problem. ■ 


YOU WON’T WANT 
THIS BOARD BECAUSE: 


It is a low cost development system; it comes in a metal case; it has its own 
9 VAC power pak; it has a high level language and operating system built 
in, that software-supports disk functions; it has an RS232 serial port; it has 
two 8 bit parallel ports (five 8 bit ports for $330); it has two 16 bit multi-function 
counter/timers; it has edge sensitive lines; it has a 2 kbyte CMOS RAM; it 
has a 2 kbyte EEPROM; it has in circuit PROM programming capability; it 
has a prototyping area and room in the box for other cards. It is reliable ... it 
is rugged ... it is powerful. 

NOT EVEN BECAUSE: it can auto-start a user program on power up and 
is priced at $90 in OEM quantity and configuration. 

YOU WANT IT BECAUSE: IT WILL SAVE YOU TIME! 

Dedicated applications can quickly be developed and installed ... like .. . The 
electronic to compass-to-computer interface: development time— 4 hours. Or 
the acoustic ranging unit with false echo rejection: 5 days. Or the electronic 
scale-to-business system, RS232 link: under 2 hours. 


COST EFFECTIVE ENOUGH TO KEEP IN STOCK FOR THOSE QUICK IN- 


TERFACING FIXES OR DEDICATED 
CONTROL APPLICATIONS. 



ORDER NOW: 

R65F11 $290 
R65F12 $330 



THE 

"100 Squared”™ 
BASED ON THE 
R65F11 

FORTH-BASED 

MICROCOMPUTER 



808 Dalworth, Suite A 
Grand Prairie, Texas 75050 
214/642-5495 


THE MOST ADVANCED VERSION OF FORTH 
IS NOT ON THIS 5 1/4" DISK. 

dJ 



IT’S UNDERNEATH IT! 


When you pay $300 for some languages all you gel is a $3.00 disk. When you buy the 
NMIX-0012 RSC-FORTH System from New Micros, Inc. you not only get the language, you 
get a complete computer system. It has features that you can't expect from a disk based 
language, like an RS 232 serial interface, 40 individually programmable input/output lines 
(5 parallel ports), two counter/timers, RAM, ROM and a EEPROM/EPROM programmer. For 
that matter, disks don't usually come with their own power supplies, and almost none are 
packaged in rugged metal cases! You would expect a disk to come with hundreds of pages 
of documentation — our system certainly does. With a disk, you have to tie up your whole 
computer to run the program. After storing your program in our system, it can be dedicated 
to a task without the support of your PC, or you can communicate with it over the same serial 
channel used to program it. On top of all this our FORTH has advanced features, like built-in 
target compilation, CASE statements. PROM programming words and, believe it or not. disk 
access functions. The NMIX-0012 is 100 millimeters on a side, smaller than a disk, priced 
at $290 complete. The “100 Squared'”” is the logical choice! Substantial quantity discounts. 



New Micros, Inc. 

808 Dalworth 

Grand Prairie. Texas 75050 
(214) 642-5494 
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PURE GENIUS. 

Low Cost OEM Image Processors for Multi-Bus, Q-Bus and IBM PC 



The IP-512 family of OEM image 
processing modules have set new 
standards with high performance 
features previously available only on 
systems costing much, much more. 

The IP-512 is a modular, real- 
time image processor that’s plug 
compatible with the INTEL 
MULTI BUS and DEC Q-BUS. 

It interfaces with a standard 
video source, stores images in single 
or multiple 512 x 512 frame buffers 
with up to 24 bits/pixel, and includes 
pipeline processing for real-time 
image averaging, summation, sub- 
traction, convolutions, histograms, feature list ex- 
traction, erosion and dilation. 


The modules contain program- 
mable I/O TVansformation Tables 
and provide for B&W and RGB 
output for full color processing. 

Applications include factory 
inspection, robotic vision, medical 
imaging, industrial radiography, 
teleconferencing, microscopy and 
image analysis, among others. 

Imaging Technology also intro- 
duces PCVISION, a real-time video 
digitizer for the IBM PC. PCVISION 
allows OEMs to provide low-cost 
solutions for many applications 
requiring image processing. 

For details, call our Sales Department at 
(617) 938-8444. Or write to: 


IMAGING 

Imaging Technology Incorporated, 600 West Cummings Park, Woburn M A 01801 Telex: 948263 

PCVISION is a trademark of Imaging Technology Incorporated. MULTI-BUS is a trademark of INTEL Corporation. Q-BUS is a trademark of 
Digital Equipment Corporation. IBM PC is a trademark of IBM Corporation. Copyright © 1984 IMAGING TECHNOLOGY INCORPORATED. 
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Republicans Release Program 
To Spur High Tech Innovation 


House Bill 
Eases Joint 


Panasonic Enters Pana Robo In U.S. 

Toyoda Regains Machining Ctr’e ^£2* 


SEE THE NEWEST 
3 MIS inn 
AT kill! VIII. 



The newspaper for flexible manufacturing 
tabloid size, printed on jet paper. 


New Subscriber Offer 
Features Reduced Rate 
Along With Free Gift 

NEW YORK-Manufacturing management and engineers 
can now receive AUTOMATION NEWS at a reduced, new 
subscriber, rate of $18.75 along with an 80 page, factory 
management glossary as a gift. 

This introductory offer will save you $9.25 off the regu- 
lar subscription rate of $28. In addition, if you become a 
subscriber for a full year or more we’ll ship you, immedi- 
ately on payment, a comprehensive, cross-referenced, 
perfect bound, factory management glossary containing 
over 2,500 terms in advanced manufacturing technologies 
covering categories from CAD/CAM to Vision, robots to 
CIM, and components to programmable controllers. 

Every issue of AUTOMATION NEWS will inform vou 
through objective easy-to-read reporting, of the latest fac- 
tory automation developments in CAD/CAM.- computers, 
robots, FMS, components, lasers, programmable control- 
lers, software, vision and sensors, reports from abroad, 
association news, finance (complete with stock listings 
and insider trading), people on the 
move, industry surveys, pre/post 
show coverage on a local, regional, 
and national basis. And, dorrt forget 
our classified section. 

Combined; AUTOMATION NEWS, 
the Factory Management Glossary, 
and a reduced subscription rate 
make this an offer you can’t 
refuse if you want to be in the 
know on advanced manufac- 
turing technologies; 

To subscribe simply fill in the 
coupon below and mail it to: 

AUTOMATION NEWS, 

Subscription Service Dept., 

P.O. Box 1141, 

Dover, NJ, 07801 
or call Mike Ryan 
for faster service 
at 212 223-0232. 

To get your glossary immediately, 
pull out your credit card. We accept Master Charge and VISA. 



Yes please enter a subscription in my name and bill me 

at the new subscriber rate of $18.75 (33% off the regular 
yearly rate of $28) 

I can't wait! Enclosed please find my check for $18.75 

Please enter my subscription and rush my factory manage- 
ment glossary. 


Name 

Company. 
Address _ 


Title. 


. State. 


City 

Type of Business 

If mfg., product produced?. 
# of employees at location. 
Signature 


Zip- 


. Date. 


Please allow 4-6 weeks (or service to start. All questions must 
be answered to qualify. If at any time you are not satisfied you 
can canoe! and receive a refund for all issues not mailed; the 
glossary is yours to keep 3RA345 


Calendar 


SEPTEMBE R 

10-13 September. 10th Annual Advanced Con- 
trol Conference. Fowler Hall, Stewart Center, 
Purdue University, West Lafayette, IN. Contact: 
Edward J. Kompass, Control Engineering 
Magazine, 1301 South Grove Ave., PO Box 
1030, Barrington, IL 60010, telephone (312) 
381-1840. 

This year’s conference celebrates the 25th an- 
niversary of the application of digital computers 
to industrial control. Tventy-two applications 
papers will support the four specially commis- 
sioned, two-hour tutorials. Topics include: a 
view of the beginnings and development of 
computer-based industrial control, the merg- 
ing of discrete and continuous process control, 
the beginnings of computer-based digital con- 
trol systems, and a future scenario for computer- 
based digital control systems. Applications 
papers cover: array processors, fiber optic data 
buses, micro and personal computer packag- 
ing for industrial applications, personal com- 
puter software packages for industrial control, 
industrial I/O for personal computers and the 
role of humans in fully computerized industrial 
plants. 

14-16 September. Heart of Texas Computer 
Show. Bayfront Plaza, Corpus Christi, TX. Con- 
tact: Heart of Texas Computer Show, PO Box 
12094, San Antonio, TX 78212, telephone (512) 
681-2248. 

Vendors will display the latest in small 
business and personal computer systems, with 
robots, games, and other high-tech products. 
Educational seminars are also planned. 

24- 26 September. Robotics Seminar. IEE 
Education Center, Technology Park/Atlanta, 
Norcross, GA. Contact: Institute of Industrial 
Engineers, Conference Department, 25 Tech- 
nology Park/Atlanta, Norcross, GA 30092, 
telephone (404) 449-0460. 

The Robotics Seminar will aquaint par- 
ticipants with the variety of equipment available 
and how and where robots might be used ef- 
fectively. Special seminar features include a full- 
day laboratory experience where participants 
can see robots in action and a workshop ses- 
sion for discussing and analyzing potential 
robot applications. 

25- 26 September. NASA Symposium on Pro- 
ductivity and Quality: Strategies for Improv- 
ing Operations in Government and Industry. 
Capital Hilton Hotel, Washington, DC. Contact: 
Pamela Edwards, AIAA, telephone (212) 
5814300. 

The symposium is sponsored by NASA and 
organized and operated by AIAA. 


25-27 September. International Industrial 
Controls Conference and Exposition (IIC ’84). 
Philadelphia Civic Center, Philadelphia, PA. 
Contact: Tower Conference Management Co., 
331 W. Wesley St., Wheaton, IL 60187, tele- 
phone (312) 668-8100. 

Preliminary session titles include: Advances 
in Information Flow Networks ; Highways for 
Factory Automation ; Vision ; User-Friendly Soft- 
ware for Programmable Controllers', Fiber Op- 
tics ; and Robotics. 


OCTOBER 

2-4 October. 14th International Symposium 
on Industrial Robots. Gothenburg, Sweden. 
Contact: Swedish Trade Office, 4000 Town 
Center, Suite 202, Southfield, MI 48075, 
telephone (313) 352-6990. 

Close to 1,000 delegates are expected to par- 
ticipate in this year’s symposium. In connection 
with the symposium, there will also be an ex- 
tensive international exhibition showing the 
latest developments and achievements in the 
field of industrial robots. 

2-4 October. AUTOFACT 6. Anaheim Conven- 
tion Center, Anaheim, CA. Contact: Gregg 
Balko, Computer and Automated Systems 
Association of SME, One SME Drive, PO Box 
930, Dearborn, MI 48121, telephone (313) 
271-1500. 

AUTOFACT 6 will feature a comprehensive 
program of tutorials and conference sessions 
covering the entire spectrum of computer- 
integrated manufacturing, from design and 
engineering, through fabrication, assembly, in- 
spection and testing, to shipping. 

2-5 October. Robot 84, Scanautomatic 84, and 
The 14th International Symposium on In- 
dustrial Robots. Gothenburg, Sweden. Contact: 
Swedish TVade Fairs Foundation, Box 5222, 
S-402 24 Goteborg, SWEDEN, telephone 46 
31 20 00 00. 

Three major international events devoted to 
the design, production, and uses of industrial 
robots will take place in the Swedish Trade Fair 
halls simultaneously in October. Robot 84 is ap 
international exhibition of industrial robots and 
control systems for materials handling, assem- 
bly, and complex production tasks. Scanauto- 
matic 84 covers industrial computers and the 
pneumatic, hydraulic, and electronic com- 
ponents which provide the backup technology 
for industrial automation. The Symposium on 
Industrial Robots is organized jointly by the 
Swedish TVade Council, the Swedish Trade Fairs 
Foundation, and MEKAN, Sweden’s largest in- 
dustrial association. 
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ACM-84, The Fifth Generation Challenge. San 
Francisco Hilton, San Francisco, CA. Contact: 
ACM-84, PO Box 32575, San Jose, CA 95152, 
telephone (415) 948-6306. 

The Japanese Fifth Generation supercom- 
puters pose a challenge to American computer 
manufacturers, and the ACM-84 Conference 
topic areas attest to the concern generated by 
this challenge: supercomputers; developments 
in artificial intelligence; robotics and sensing; 
the impact of the fifth generation; limits on 
technology transfer; applications for the 1990s 
in business, education, manufacturing, research, 
and the professions; and anticipated changes 
in society. 

10-12 October. InteRobot-West ’84. Long 
Beach Convention Center, Long Beach, CA. 
Contact: Tower Conference Management Co., 
331 W. Wesley St., Wheaton, IL 60187, 
telephone (312) 668-8100. 

InteRobot-West ’84 offers 20 technical con- 
ference sessions, three special-interest tutorials, 
and 80 internationally recognized speakers and 
session chairmen. Session titles include: In- 
dustry Overview ; 7 holing Design • Machine 
Languages', Machine Vision; Machine Sensors ; 
Robots in the Foundry; Personal and Educa- 


tional Robots; Education in Robotics; and 
Emerging Robot Applications. 

25-27 October. Robotics Seminar. HE Educa- 
tion Center, Technology Park/Atlanta, Norcross, 
GA. Contact: Institute of Industrial Engineers, 
Conference Department, 25 Technology Park/ 
Atlanta, Norcross, GA 30092, telephone (404) 
449-0460. 

The Robotics Seminar is designed to ac- 
quaint participants with the variety of equip- 
ment available and how and where robots might 
be used effectively. Special seminar features in- 
clude a full-day laboratory experience where 
participants can see robots in action and a 
workshop session for discussing and analyzing 
potential robot applications. 


NOVEMBER 

4-9 November. Intelligent Robots and Com- 
puter Vision. Hyatt Regency, Cambridge, MA. 
Contact: SPIE— The International Society for 
Optical Engineering, Bellingham, WA 
98227-0010, telephone (206) 676-3290. 

The emphasis for the 1984 conference is in- 
telligent robots, vision, and sensor systems. The 
intent of the sessions is to address and inter- 


change ideas on a wide range of applications, 
issues, and techniques for these advanced in- 
telligent systems. State-of-the-art technical 
design and modem equipment concepts will be 
presented. Topics to be addressed and for which 
contributed papers are requested include: 
government and industrial programs in in- 
telligent sensors and robotics; applications of 
intelligent sensor systems; statics, kinematics, 
dynamics, and control of robot systems; stan- 
dards for sensors and robots; image process- 
ing; feature extraction; three-dimensional ob- 
ject representation; use and application of ar- 
tificial intelligence; and image understanding 
in intelligent robotics and computer vision. 

16-17 November. 6th Annual Forth Conven- 
tion. Hyatt Palo Alto, Palo Alto, CA. Contact: 
Forth Interest Group, PO Box 1105, San Carlos, 
CA 94070, telephone (415) 962-8653. 

The Forth Interest Group is a worldwide non- 
profit organization with more than 4700 
members and 53 chapters devoted to the Forth 
computer language. The convention is prepared 
to meet the needs of every Forth enthusiast- 
beginner to professional— with two days of 
hands-on tutorials, exhibits/vendor booths, lec- 
tures, and discussions. 



Tabletop Technology 

An Inventor's Toolchest for Ideation & Experimentation 


Now you can have, at your fingertips, 
a comprehensive collection of 
innovative engineering tools. At a 
truly reasonable price. 


Crystalize your ideas by constructing 
model mechanical, electro- 
mechanical, pneumatic, and 
electronic devices in minutes. Simply 
by snapping together functioning 
components. 


The system includes a generous 
assortment of fischertechnik® 
girders, gears, cams, motors, and air 
cylinders. Plus valves, switches, and 
integrated circuits. Storage cases, 
benches, baseplates, and computer 
interfaces too! 


Simple enough to learn as you go. 
Yet sophisticated enough to 
simulate a computer-integrated 
manufacturing plant— com- 
plete with conveyors, 
robotic cells, and 
machining centers. 


The Tabletop Technology Mini-Lab T 
provides an instant R & D modeling 
station, supplied with all system 
components. You can also custom- 
assemble your own toolchest by 
selecting from our collection of 
Technik Kits. 

A copy of the Tabletop Technology 
Planning & Ordering Kit is yours 
by writing to: 

TransTech Systems Division 
ATTN: Dept. RA 9-84 
9889 Hibert St., Suite E 
San Diego, CA 92131 


FROM 

CREATIVE LEARNING 
SYSTEMS, INC. 


Circle 8 


ROBOTICS AGE September 1984 9 


Sensory 

Perceptions 


ROBOT TESTIMONY. For the first time in 
history, a personal robot testified before mem- 
bers of the US House of Representatives. On 
May 22, RoPet-HR, manufactured by Personal 
Robotics Corp., testified before the House 
Select Committee on Aging, chaired by the 
honorable Edward Roybal (D-Los Angeles), to 
demonstrate its safety benefits to the elderly. 
RoPet-HR showed some of its abilities by de- 
tecting a passerby and activating a built-in alarm 
when it did not receive the correct spoken re- 
sponse, adding that it would soon set off a 
remote alarm or phone for assistance. 

Projected capabilities include detecting the 
word “Help,” dialing the police emergency 
number, and then homing in on the person and 
acting as a two-way telephone system. At pres- 
ent, Personal Robotics Corp. is working with 
the Palo Alto Veterans Administration Hospital 
on this project and others. For more informa- 
tion, contact: Personal Robotics Corp., 469 
Waskow Drive, San Jose, CA 95123. 


OLYMPIC RESULTS. More than 15 Southern 
California schools captured awards at the Robot 
Olympics held at Cal State, San Bernardino on 
April 27-28. The games gave students ranging 
from elementary through high school, an op- 
portunity to demonstrate their computer and 
robot programming skills. Students programmed 
such computers as the Big TVak, Tlirtle Tot, and 
Hero I, in competitive events including figure 
tracing and traversing a maze. Student teams 
raced across the clock to construct a Memocon 
Crawler robot from a sealed kit against the 
clock. 

Mission Junior High School took the first 
place trophy in the robot construction event, 
building a functional robot in 26 minutes and 
20 seconds. All schools finishing in other events 
such as the robot biathlon and robot slalom 
were awarded trophies. Robot programming 
events included figure tracing, robot slalom, 
robot biathlon, and the robot dash. 


FORT WORTH RESEARCH CENTER. Busi- 
ness and civic leaders have begun a campaign 
to raise $10 million in funding to create the Ad- 
vanced Robotics Research Institute, a high-tech 
center to be located in Fort Worth and staffed 
by the engineering department of the Univer- 
sity of Texas at Arlington. 

The Institute will provide a center for research 
into practical applications for the newly- 
emerging science of robotics and artificial in- 
telligence. In addition to studying new areas of 
application, the engineering team will work with 
robotics manufacturers and plant owners who 
use equipment to increase productivity. The 
staff of robotics experts has been assembled by 
Dr. John W. Rouse, dean of the UTA School 
of Engineering, and will be supplemented with 
visiting professors as well. The building is 
scheduled for completion in 1985. 

TRAINING REPORT. The Center for Occupa- 
tional Research and Development (CORD) has 
completed preparation of a state-of-the-art 
report describing current training of robotics/ 
automated systems technicians in the United 
States. The report includes listings of two-year 
post-secondary schools that offer robotics / 
automated systems technician training, those 
schools with baccalaureate and graduate train- 
ing in robotics, and a list of texts currently in 
use at the various schools. Also included is a 
needs assessment of programs and materials re- 
quired to adequately train technicians to 
operate and maintain tomorrow’s robots and 
automated systems. The report is available from 
CORD, 601C Lake Air Drive, Waco, TX 76710. 

NBS AND WESTINGHOUSE JOIN FORCES. 

The National Bureau of Standards and West- 
inghouse R&D Center are beginning a joint 
research program to study robot control tech- 
niques capable of managing a robot for close- 
tolerance parts-matching and for work in con- 
cert with a second robot. The project will be 
based on NBS-developed real-time control sys- 
tems for robots. Researchers will work on con- 
trol systems to be used in an automated parts 
cleaning and deburring station in the NBS 
Automated Manufacturing Research Facility. 
This work station will feature the cooperative 
action of two robot arms working under a com- 
mon system. 

THE ROBOT CONSTRUCTION GAME. If 

you’re looking for a way to demonstrate the 


TOTAL CONTROL: 

FORTH: FOR Z-80- , 8086, 68000, and IBM® PC 

Complies with the New 83-Standard 

GRAPHICS • GAMES • COMMUNICATIONS* ROBOTICS 
DATA ACQUISITION • PROCESS CONTROL 


• FORTH programs are instantly 
portable across the four most popular 
microprocessors. 

• FORTH is interactive and conver- 
sational, but 20 times faster than 
BASIC. 

• FORTH programs are highly struc- 
tured, modular, easy to maintain. 

• FORTH affords direct control over 
all interrupts, memory locations, and 
i/o ports. 

• FORTH allows full access to DOS 
files and functions. 

• FORTH application programs can 
be compiled into turnkey COM files 
and distributed with no license fee. 

• FORTH Cross Compilers are 
available for ROM’ed or disk based ap- 
plications on most microprocessors. 

Trademarks: IBM. International Business Machines 
Corp.; CP/M, Digital Research Inc.; PC/Forth + and 
PC/GEN. Laboratory Microsystems. Inc 


FORTH Application Development Systems 

include interpreter /compiler with virtual memory 
management and multi-tasking, assembler, full 
screen editor, decompiler, utilities and 200 page 
manual. Standard random access files used for 
screen storage, extensions provided for access to 
all operating system functions. 

Z-80 FORTH for CP/M® 2.2 or MP/M II, $100.00; 
8080 FORTH for CP/M 2.2 or MP/M II. $100.00; 
8086 FORTH for CP/M-86 or MS-DOS, $100.00; 
PC/FORTH for PC-DOS. CP/M-86, or CCPM, 
$100.00; 68000 FORTH for CP/M-68K, $250.00. 

FORTH + Systems are 32 bit implementations 
that allow creation of programs as large as 1 
megabyte. The entire memory address space of 
the 68000 or 8086/88 is supported directly. 

PC FORTH + $250 00 

8086 FORTH + for CP/M-86 or MS-DOS $250.00 

68000 FORTH + for CP/M-68K $400.00 

Extension Packages available include: soft- 
ware floating point, cross compilers, INTEL 

8087 support, AMD 951 1 support, advanced col- 
or graphics, custom character sets, symbolic 
debugger, telecommunications, cross reference 
utility, B-tree file manager. Write for brochure. 



Laboratory Microsystems Incorporated 

Post Office Box 10430, Marina del Rey, CA 90295 
Phone credit card orders to (213) 306-7412 
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PERSONAL ROBOT 
AND COMPUTER 
PERIPHERALS AND SOFTWARE 


£ 


VOICE COMMAND SYSTEM FOR HERO 

The Voice Command System (VCS) for Heathkit’s® 
HERO-1 robot consists of a Voice Recognizer (VOREC) and 
a Voice Command Language (VOCOL) program that enable 
you to program robot movements by voice. 

VOREC Speech Recognition Board 

• Up to 98% recognition accuracy 

• Speaker Dependent 

• 256-word vocabulary (16 16-word groups) 

• RS232 communications with HERO 

• Audio input via external speaker up to 15 feet away 

• High speed CMOS consumes only 45 ma while active, I 
ma when inactive 

VOCOL High Level Software 

• Supports deferred and immediate execution. Software pro- 
vided on EPROM that plugs into HERO MEMCOM BOARD 

• Robot talks you through voice training session 

• Robot prompts for command, repeats it for verification 

• Robot executes if in immediate mode, writes machine 
language program for later execution if in deferred mode 

• Complete instructions and installation manual 

TOTAL VCS PRICE: $595 


HERO MEMCOM BOARD 

MEMCOM provides the means to develop programs for 
HERO using a personal computer. 

• Expands memory with additional 30K RAM 

• RS232 serial port for computer/ robot communications 

• Communications software in onboard EPROM 

• Socketed RAM chips enable EPROM substitution 

• Programs preserved when robot in “sleep” mode 

• Wire wrap area provided 

• Complete instruction manual and schematics 

NMOS VERSION (draws 160 ma): $345 
NEW CMOS VERSION (draws 12 ma): $425 

VOICE COMMAND SYSTEM 
WITH MEMCOM BOARD: $920 

Hero is the trademark of Heath Co. 

Apple is the trademark of Apple Computer Inc. 

IBM is the trademark of International Business Machines Corp. 



VOICE COMMAND 
FOR PERSONAL COMPUTERS 

MICRO®EAR is a speech recognition unit that allows you 
to talk to any personal computer with an RS232 serial port. 

• CMOS design 

• 256-word vocabulary (8 32-word groups) 

• Up to 98% recognition accuracy 

• Speaker dependent 

• Automatic 110/300/1200 baud rate selection 

• I6K battery-backed CMOS RAM 

• Upload/download word groupings 

• Power supply and microphone included 

• Instructions, schematics and operational hints 

• Demo software for Apple and IBM PC® included 

$579 


APPLE-HERO COMMUNICATOR 

Provides hardware and firmware for high speed parallel 
communication between an APPLE computer and a HERO-1 
robot with our MEMCOM board installed. The S-C MACRO 
ASSEMBLER and 6800 CROSS ASSEMBLER (available from 
MICROMATION) provide the software support needed to 
develop programs for HERO. 

• Two 8-bit parallel ports with handshaking and two 16-bit 
timers 

• Communicator/MEMCOM cable assembly included 

• Data transfer software included on EPROM’s 

• 6808 and 6502 source codes on disk in heavily commented 

form $159 

Other software products include: 

Poet, Storyteller, Robot Language Macro, and 6800 Cross 
Dissassembler 



FORMERLY MICROMATION , INC. 
9104 Red Branch Road 
Columbia, MD 21045 

(301) 730-1237 


Call or write for information about these 
and other products. 


MasterCard/Visa/Check/Money Order 
Add $3 for shipping 
Allow 3 weeks for delivery 
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Whether you’re working with robots 
or just interested in the field, the 
RIA Robotics Glossary is an 
invaluable resource tool. You’ll gain 
a clear understanding of more than 
500 commonly used robotics terms by 
referring to this pocket-sized, 
easy-to-read guide. 


You can come to terms with robotics 
for only $8.00— a small price to 
pay for the most comprehensive and 
authoritative robotics glossary 
now available! 


r 1 

ORDER YOUR COPY TODAY— FILL OUT THIS I 
FORM AND SEND IN WITH PAYMENT TO: | 

ROBOTIC INDUSTRIES ASSOCIATION , 
P.O. BOX 1366 
DEARBORN, Ml 48121 

Please send me copies of the RIA 1 

Robotics Glossary at $8.00 each, plus * 
$1.00 each for postage and handling i 
(Call RIA for discounts on orders of 10 or | 
more). 

Name 1 


Title 


Company 


Address 


City /State /Zip 

□ VISA □ MasterCard □ Check Enclosed 

Account Number 

Expiration Date 

Signature 

OR CALL RIA AT 313/271-7800 

rsa 
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workings of a robot to your friends, keep an 
eye out for Robot Odyssey I, an educational pro- 
gram aimed at teenagers and young adults. An- 
nounced at the Consumer Electronics Show in 
Chicago, Robot Odyssey is a game which claims 
to teach players the basics of digital electronics, 
including designing circuitry that controls 
robots. 

Players begin by falling into Robotropolis, a 
futuristic underground city inhabited by robots. 
They must then escape and return to civiliza- 
tion by constructing a robot that helps players 
work upward through several levels. Each level 
has new obstacles and antagonists that require 
robots with different skills. As players get closer 
to civilization, escape becomes increasingly 
difficult. 

The robots are designed in the Innovation 
Lab, which is equipped with a tool kit for 
designing robot circuitry, a prototype chip, three 
robots to use for experimentation, a room for 
creating new chips, and a library to store chips 
with special capabilities. In the course of robot 
design, players design circuits from simulated 
wires and logic elements, discover the basic 
principles behind programming and debugging, 
and learn about Boolean operations. 

Robot Odyssey is published by The Learn- 
ing Company, 545 Middlefield Rd., Suite 170, 
Menlo Park, CA 94025. 

LABORATORY ROBOTICS STUDY. Strategic 
Directions International, Inc. has announced a 
major multiclient study on laboratory robotics 
that will cover the United States, Western Eu- 
rope, and Japan. The study will identify actual 
laboratory robotics requirements, present and 
future (1984-1990), and survey the present and 
future involvement of the robotics, computer, in- 
strument, and laboratory equipment manufactur- 
ers. Industrial, clinical, and biological laborato- 
ries are covered. The study is a technology, 
market, and opportunity assessment that will be 
of planning value to the laboratory managers and 
various involved manufacturers. Laboratory 
robotics differs from industrial robotics in many 
respects: size, required sensors, interface 
demands to instruments, computers, other lab 
equipment, and even the process itself. Those 
human functions of the laboratory that can be 
robotized with a significant return on the invest- 
ment will be identified. The developing demand 
will be quantified and projected through 1990 
in various segmentations. 

For a detailed prospectus, contact Strategic 
Directions International, Inc., 9841 Airport 
Blvd., Suite 806, Los Angeles, CA 90045. 


TRAINING MODULES. The PZ-80 Micom 
series modules represent a comprehensive train- 
ing program complete with hands-on experi- 
ments in digital circuitry, computer logic, 
robotics, and data transmission. The kit con- 
tains a training and instructional manual, power 
supply, and 42 modules that take the user from 
the basics through applications that include a 
micro-controlled optical interrupter to measure 
RPM and establish motor control, a fully pro- 
grammable music synthesizer, and a digital 
clock that employs real-time microprocessor 
controls. It provides hands-on training for the 
engineer who wishes to update his knowledge, 
or serves as an excellent training vehicle for the 
company wishing to enhance the knowledge of 
its technicians. 

Each of the small boards supplies a training 
lesson exploring one facet of digital circuitry. 
For example, one board contains a RAM chip— 
with it the user learns how to address the chip, 
write information, and read information. An- 
other module teaches the user how to control 
a digital display. Yet another teaches the user 
to use one-shots. 

A preliminary copy of the training manual re- 
veals in-depth coverage of electronics and elec- 
tronic control. The manual is divided into three 
logical sections: Basic, Practical, and Applica- 
tion. The Basic section presents the theory be- 
hind most module components and describes 
their use. The Practical section builds upon 
these basics and starts to use the Z80 micro- 
processor board. Here, the emphasis is on basic 
programming techniques for control. Users 
learn to program lamps, read switches, and per- 
form basic computations. The third section, Ap- 
plication, shows the user how to build and con- 
trol such items as a melody module, amplifier, 
optical switch, DC motor control, digital-to- 
analog converter, temperature sensor, and a 
one-chip microcomputer digital temperature 
controller. 

Additional accessories are available for ad- 
vanced learning and practical experimentation. 
These accessories include robot arms, auto- 
matic drilling machines, EPROM writers, voice, 
printer, music, and fiber optic communication 
modules. 

The PZ-80 Micom module kit sells for $599. 
Accessories range in price from $19 for the 
small printed circuit boards to $1495 for the 
robot arm. 

For more information, contact: Frank 
Kaplan, Compusa Corp., 1101 Bristol Rd., 
Mountainside, NJ 07092, telephone (201) 
654-7220. 
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BASIC Programming Solutions 
for Manufacturing 

By J. Nicks 

Explore 22 tested programs that will produce easily understood reports 
on the topics faced by Manufacturing Engineers everyday Explore 
chapters on learning curves and launching costs, machine capability 
studies, equipment justification, manpower analysis, cost estimating, 
tolerance control, and many more. 

In additon, these programs were written and tested on a personal 
desk-top'' microcomputer. 

Finally, enough information and explanation is included on each 
program so that you can tailor them to your own needs or write totally 
new programs. 250 pp. 1981 - Hardcover: $32.00 




An Introduction to Robot Technology * 

By Philippe Coiffet and Michael Chirouse 
Aimed at the engineering and computer professional, this book 
combines electronics and mechanical engineering topics to provide a 
practical introduction to the basic principles and concepts of robotics 
Numerous mathematical models, diagrams, and appendices illustrate 
typical robot design considerations along with individual components 
such as controls, motors, actuators, and sensors Emphasizing applied 
concepts as well as theoretical, the book also includes chapters on the 
computer control, characteristic properties, usage, training, and 
real-world applications of robots 

6 V?x9 ’/« 208 pp 60 Ulus $29.95 


Computers in Manufacturing ^ 

Principles and Practices for Managers and 
Engineers in Metalworking 

Edited by the Staff of American Machinist 

This book was developed to meet the information needs of executives, 
managers, and engineers - both manufacturing and design - who are 
responsible for efficient performance and productivity in metal products 
industries It presents a comprehensive overview of the computer s role 
in modern metalworking. 

The book covers computer integrated manufacturing (CIM). design for 
products and tools; graphics; computer simulation for products, 
processes, and systems planning; procedures for justifying the invest- 
ment in computer equipment; and management uses of computers - 
from mainframes to micros - for planning and control The new concept 
of flexible manufacturing systems (FMS) is thoroughly discussed, and 
several chapters are devoted to specific applications and to case 
histories for metal cutting, metal forming, assembly, finishing, inspec- 
tion. and robotics. 3^ix 1 0-V« 320 pages $33.95 


New Edition! 

The practical guide to numerical control... 

Principles of Numerical Control 

3rd Edition 

By James J. Childs 

The most comprehensive, clearly written introduction to the operation of 
numerical control systems available for the non-expert written by the 
president of a numerical control consulting organization This widely 
used, up-to-date reference provides all the information necessary for 
anyone-managers, students, supervisors, engineers-to gain a working 
understanding of its functions 

The emphasis is on CNC Systems and their programming capabilities, 
advantages, operation, and maintenance Yet, a good portion of the 
hardwire material from past editions has been retained to satisfy those 
systems still in operation A wide range of topics covers everything from 
specific information on plant requiremnts, to step-by-step economic 
justification procedures of systems (with tables listing comparative 
savings versus conventional hardwire equipment), to detailed part 
programming and basic computer operations The latest in EIA 
Standards describe updated and standardized tape codes for easy 
reference. 

Reflecting advances and future trends in numerical control, the 
book presents meticulously updated discussions of such topics as 

• Robotics 

• Graphics 

• Group Technology 

• DNC 

Numerous examples of both APT and COMPTACT II part program- 
ming provide a firm basis for more advanced programming courses 
for students. 1 982. 300 pp , illus . $24.95 


Your one-stop guide to the computer graphics 
marketplace 

The 1 984 S. Klein Directory of 
COMPUTER GRAPHICS SUPPLIERS 
Hardware, Software, Systems and Services 

This latest edition identifies more than 500 supply sources. Directory 
entries provide basic product information and business background on 
each company, including ownership, top management, company size, 
sales volume, and year of origin as well as address, phone number, 
telex or TWX. and persons to contact. The Directory also features a 
computer generated, cross-index that enables readers to identify 
vendors by applications of interest and by specific technology In 
addition, you also get a 5-page briefing, prepared by Carl Machover. 
industry consultant, on the considerations and tradeoffs to be made 
when buying computer graphics products 224 pp $60.00 

Industrial Robotics Handbook 

By V Daniel Hunt 

In one comprehensive volume, this extensively illustrated handbook 
provides a unique overview of the subject of robotics, its hardware, 
various types, their functions and future in industry All of the 
information presented has been obtained from a wide variety of 
knowledgeable sources in the field including the most recent research 
available An extensive selection of photographs, diagrams, and charts 
amplify the text 

Hunt reveals a wealth of information on foreign research and develop- 
ment in the industry and the companies involved in and exploring the 
manufacture of industrial robots He also supplies an extensive list of 
the various robotic systems, including the potential of smart robots, 
grouped into types of models The list includes important technical 
information on specific applications pertaining to: tolerances, load 
carrying capacities, price, and names and addresses of companies and 
individuals to contact for further information 

1983. 352 pp (T). illus $32.50 (T) 
Industrial Robotics Handbook provides specific information on 

• Sensor Systems • Control Systems 

• Manipulator Hardware • Programming 

• Dynamic Properties • Safety Considerations 

• Technology Status • Socioeconomic Impacts of 

• Tooling Robotics 

• Applications and much, much more 

The Professional Guide to Automatic Assembly... 
From the Professional- 

Assembly Automation 

A Management Handbook 
Frank Riley 

A thorough, complete guide to the WISE SELECTION and PROPER 
APPLICATION of commercially available equipment /for the entire 
management team 

with an excellent overview of considerations that virtually guarantee 
successful: specification, procurement, design, manufacture, installa- 
tion, and sustained productivity of mechanized assembly systems ... 
Everything from technical and economic feasibility through detailed 
operational procedures-to insure the best possible operation at lowest 
cost 352 pp . illus $39.95 

Mathematics, programming, and control 

Robot Manipulators 

Written by Richard P Paul 

Written by one of the world s leading authorities on robot manipulation, 
this is the first book in the field that literally covers all aspects ol 
computer control of mechanical manipulators 

It is without a doubt the most complete work available on control of 
robot arms and manipulators and will be a guide and valuable reference 
work for many years to come 

Published by M l T Press. 279 pages Price: $31.50 

Robot Motion: Planning and Control 

Edited by Michael Brady, John Hollerbach. Timothy L 
Johnson. Tomaz Lozano-Perez and Matthew T. Mason 
This major work is geared to the development of robotics In an effort to 
aid senior and graduate-level students in the field, the editors have 
grouped the book into five main chapters: Dynamics; Trajectory 
Planning; Feedback Control; Compliance and Force Control and Spatial 
planning 

What makes this book unique is that each chapter is introduced by a 
substantial analytical survey that lays out the problems in that area of 
robotics and the approaches and solutions that have been tried, with an 
evaluation of their strengths and shortcomings There is even an overall 
view in the development of artificial intelligence This book is a must 
for anyone interested in the robotics field. 

Published by M I T. Press, 585 pages Price: $39.50 


Tool and Manufacturing Engineers 
Handbook, Fourth Edition 
Volume 1 Machining 

Published by Society of Manufacturing Engineers 
The Tool and Manufacturing Engineers Handbook. 4th Edition has 
arrived and it's jam packed with the data you need to meet the 
competitive demands of today s manufacturign environment Wolume 1 
Machining, contains specific information vital to every company that 
makes chips in metal, plastic, and all other engineering materials . 

Over 600 machining experts have contributed to the many special 
features of Volume 1 which include: careful attention to metric 
equivalents, up-to-the-minute information on computerized numerical 
control, an extensive machine controls glossary, concise set of 
essential machmability tables, and published in 1 5 years, plus a cross- 
referenced index of 7880 items. 1 500 pages. 1 983 $89.00 

CAD/CAM Survey and Buyers’ Guide 

Comprehensive Guide 

The CAD/CAM Survey and Buyers Guide is a reliable, cost-effective 
reference that details the features, capabilities and limitations of 
CAD/CAM systems and technologies Designed to save you time and 
effort, this all-inclusive, easy-to-use Guidebook is filled wifh decision- 
making data about industry s vital yet least understood tool - C ADZ- 
CAM 

Written in clear, jargon-free language, indexed, and organized for easy 
reference, the Guide is a critical review of systems and technologies 
that show you how to prepare a justification and plan the acquisition of a 
system. 252 pages. 137 illustrations $168.00 


1 3th International Symposium on 
Industrial Robots and Robots 7 

Conference Proceedings 

This impressive two-volume set is the most up-to-date technical survey 
of the field of industrial robots available. 

Volume I, Applications Worldwide offers chapters on: Robotic Overview. 
Material Handling Systems, Process Systems. Implementation, Assem- 
bly MIG and TIG Welding. CAD/CAM. Finishing. Human Factors and 
Safety. Applications Development, and more 

Volume II. Future Directions details the newest breakthrough and trends 
in Programming Languages, Intelligent Robots: Adaptive Control Sys- 
tems, Advanced Vision and Tactile Sensors. Kinematics, Advancements 
in Non-Binary Vision, End Effectors. Robot Design, and more. 

Vital information for the robot user and researcher alike 2 volumes. 

1 .892 total pages, 1 983 Softcover: $98.00 Set 


Systems and Technology for Advanced 
Manufacturing First Edition 

Compiled by Society of Manufacturing Engineers 
Change just one part of your production system and you create an 
imbalance-chaos Use the information in Systems and Technology for 
Advanced Manufacturing to improve your systems with an integrated 
approach-and you create an increase in profit 

In your copy you will study the operational characteristics of many of 
the tools of advanced manufacturing technology computer systems to 
generate process plans, manufacturing software, microcomputer simu- 
lation, automatic inspection systems, lasers, robots, and more 
1983. Hardcover: $32.00 

Save time and money with this collection of 114 
ready-to-run BASIC programs for the hobbyist and 
engineer. 

BASIC COMPUTER PROGRAMS IN 
SCIENCE & ENGINEERING 

By Jules H. Gilder 

This book is packaged with two diskettes containing 1 1 4 BASIC 
programs for the hobbyist and engineer that can be used on the Apple 
II. II Plus, and lie microcomputers. 

The package provides ready-to-run programs for statistical and design 
applications. Programs include instructions for means; standard devia- 
tion averages; curve-fitting; interpolation; designing filters and attenua- 
tors; matching networks and histograms; matrix mathematics and 
complex numbers. Each pre-tested program is listed in BASIC with a 
sample run. 

256 pages, 6x9, two 5'/<i" diskettes for the Apple II. II Plus, and lie, 
documentation $34.95 
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TABLETOP TECHNOLOGY 

Comprehending the Factory of the Future 


Almost everything that is technologically 
interesting is kept under wraps. Under 
asphalt and manhole covers lies a network 
of resource- power-, and information- 
bearing arteries most people never see. In- 
side black boxes are tucked away the con- 
trols for vital machinery. Walls and securi- 
ty devices keep workers in one area of a 
factory from witnessing accomplishments 
in other areas. The complex interconnec- 
tions between delivery systems, black 
boxes, and the various operations that take 
place in manufacturing facilities are 
obscured by the vast scale of major 
enterprises. 

Even engineers— who have more oppor- 
tunities than the average person to under- 
stand the inner workings of things— may 
sometimes have difficulty comprehending 
technological phenomena outside their im- 
mediate purview. Specialization can cause 
myopia. 

Our objective over the past 25 years, first 
as educators and later as entrepreneurs, 
has been to make technology more trans- 
parent : to strip away barriers and broaden 
vision so that people in a variety of settings 
can better understand the operational prin- 
ciples behind technological achievements. 

As educators we’ve worked in schools, 
universities, and research institutions to 
develop curricula for technology-education 
programs. As educators and entrepreneurs 
we’ve been involved in the design, develop- 
ment, selection, and marketing of instruc- 
tional materials that advance our mission 
of making technology transparent. 

At TYan^Tech Systems, we are especially 
interested in promoting hands-on learning 
about technology— providing for unmedi- 
ated experiences that synergistically foster 


Tabletop Technology™ and TransTech Systems™ are 
trademarks of Creative Learning Systems, Inc. 
Fischertechnik® is a registered trademark of fischer- 
werke Artur Fischer GmbH & Co. KG. 


Francine Foster 
James Durkin 

Creative Learning Systems, Inc. 

9889 Hibert Street, Suite E 
San Diego, CA 92131 

psychomotor, affective, and cognitive 
growth. A preponderance of human brain 
space is devoted to input from and output 
to the eyes and hands. Manipulating the 
right objects can be a powerful way to 
learn, to prove concepts and principles, 
and to create in the technological realm. 

Our new Tabletop Technology™ line 
provides a means of mechanical experi- 
mentation and evaluation. The Thbletop 
Technology line incorporates fischertech- 
nik® model-making components with our 
Tiran^Tech™ microcomputer interfaces. 
Based on a grid of modular dimensions, 
the precisely-engineered fischertechnik 
parts can be interconnected to yield a 
multitude of functional models. 

Reusable and rearrangeable fischertech- 
nik parts include structural blocks and 
girders; panels, gears, and axles; motors, 
switches and cams; pneumatic valves and 
cylinders; photoresistive detectors; and 
electronic modules. 

The Thbletop Technology system allows 
a person to simulate a whole range of 
technological contexts. For example, at the 
larger end of the simulated scale you can 
construct a model of a pick-and-place arm 
with several degrees of freedom. Within the 



Photo 1. Complex manufacturing plants can be sim- 
ulated from modular fischertechnik components. This 
model of a computer-integrated manufacturing (CIM) 
operation was constructed by the Department of In- 
dustrial Engineering at the University of Central 
Florida in Orlando. 


context of the arm alone, the construction 
and control of its segments may be studied 
and reconfigured. 

A smaller-scale robot arm cannot have 
as many capabilities. But, and this is the 
key point, at this smaller scale, the arm can 
function within a larger, more meaningful 
context. It can function within the context 
of an automated manufacturing model: it 
can perform as a member of an orches- 
trated miniature automated factory. 

A sophisticated model of this kind was 
constructed at the University of Central 
Florida in the graduate program in indus- 
trial engineering directed by Dr. Chris 
Bauer. Extending over several tabletops, 
the model simulated a computer-integrated 
manufacturing (CIM) facility (Photo 1). 

Miniature scale-model robots functioned 
within a process that included sorting small 
boxes by size, inserting appropriately sized 
workpieces into the boxes, placing cover 
plates on the boxes, moving the boxes 
down a conveyor belt, and loading the 
boxes onto a truck. 

Model electromagnetic components in 
several of the robots lifted the metallic box 
covers and workpieces. Fischertechnik 
photosensors and limit switches reacted to 
various motions in the process and fed in- 
formation back to an Apple computer 
through an ISAAC data acquisition inter- 
face. In all, close to 48 inputs and 48 digital 
single-line outputs were used to monitor 
and control the model (Photo 2). 

Dr. Bauer’s group also developed, but 
never incorporated, a color sensor that 
could be used in a photocell to generate 
voltages signifying particular box colors. 
This addition would have allowed the 
model to sort components by color as well 
as by size. 

Commenting on his teaching experienc- 
es with fischertechnik modeling sets, Dr. 
Bauer says, 'Working with large, full-scale 
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Dr. Dobb’s Stands Apart 


Take a good, hard look at the crowded computer magazine 
market. If you’re a serious microcomputerist, one maga- 
zine stands apart. Dr. Dobb’s Journal. 

Dr. Dobb’s is not for everyone. It is written by and for 
expert programmers, and it’s the oldest and most techni- 
cally sophisticated microcomputer publication available. 
Since 1976, Dr. Dobb’s Journal has been the unchal- 
lenged leading source of software tools for advanced 
programmers. 

With the industry moving forward faster than ever, you 
need to stay a step ahead. Dr. Dobb’s sets the pace with: 

• more actual code than Microsystems, Microcomputing 
or Byte ; 

• regular columns on C, Unix, CP/M and 16-bit 
software; 

• algorithms and problem solving; 

• lively discussions of fundamental software issues; 

• inside information on commercial languages and 
operating systems; 

• tips on advanced programming topics. 

The information and valuable code contained in Dr. 
Dobb’s makes each issue indispensable for serious com- 
puting professionals and enthusiasts. Don’t miss a single 
issue of this valuable resource. Subscribe today. If you 
aren’t fully satisfied, cancel your subscription and keep the 
first issue as a free sample. 


To start your subscription, 

fill out this coupon and return it to: 

Dr. Dobb’s Journal 

P.O. Box 27809, San Diego, CA 92128 


Yes! Please enter my subscription for 12 issues of: 

Dr. Dobb’s Journal for $25. 

If I am not fully satisfied I will write “cancel” on my sub- 
scription invoice and keep the first issue as a free sample. 

Name 

A d dress 

City 

State Zip 

n Bill me later Q I’ve enclosed $25 Charge my Q VISA Q M/C 

Card No 

Expiration 

Signature 

Offer good in U S. only and expires Dec. 31, 1984 4001 


SOFTWARE TOOLS FOR ADVANCED PROGRAMMERS 

Dr.Dobb’s Journal 
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Photo 2. Functional models can extend the instruc- 
tional potential of tabletop equipment. The Univer- 
sity of Central Florida Industrial Engineering Depart- 
ment work-cell model shown here incorporates both 
fischertechnik pneumatic components and a Micro- 
bot™ robot arm. 

machinery is expensive, requires quite a bit 
of space, and also has some safety consid- 
erations associated with it. It turns out that 
scale-modeling is a very effective way of 
providing laboratory experiences. You can 
teach all the principles of computer con- 
trol and interfacing, process operations, 
process modeling, operator training, and 
the whole range of computer-aided manu- 
facturing functions. We’ve been doing it go- 
ing on three years now and have been very 
happy with the flexibility that we can get 
out of it.” 

At a lower level of schooling, eleventh- 
and twelfth-grade students in Robert 
Younker’s electronics classes at Southfield 
High School in Southfield, Michigan, have 
simulated an automated assembly opera- 
tion. Along with high-tech sensors, robots, 
and 25 pages of computer program, the 
simulation includes a hybrid gravity-feed 
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delivery system improvised out of fischer- 
technik parts, a tin can, and a piece of 
wood (Photo 3). 

Younker characterizes the learning pro- 
cess for the student model-builders as one 
of continual evolution. The model, he says, 
has been “drawn and redrawn, built and 
rebuilt, tom apart, modified, and improved 
upon— considerably. One problem was that 
[the students] kept coming up with a bet- 
ter idea. They said, ‘No, we don’t like it the 
way it is. Let’s tear it apart and make it a 
little better.’” 

Another “problem” has been typified by 
the intense involvement of Scott Berman, 
the student who acted as chief engineer 
on the project. Younker relates, “You can’t 
tear him away from the model. All of a sud- 
den I look up, and it’s the next hour, and 
he’s still sitting back there. I get calls from 
other teachers saying ‘Hey, he’s got to come 
to our classes too.’ So I try to watch for 
that and kick him out. Some of the other 
students are the same way. They really get 
involved in it and they don’t even notice 
the passage of time.” 

Children can start learning from fischer- 
technik construction sets at an early age. 
The only prerequisites are an interest in 
how things work and the eye-hand coor- 
dination and fine-motor control needed to 
interconnect the tiny components. No tools 
are required for construction. 

After an initial “messing-around” period, 
youngsters who are able to understand 
nonverbal instructions can be encouraged 


to construct simple mechanisms and inves- 
tigate levers, linkages, pulleys, gears, cams, 
ratchets, brakes, clutches, sliders, and lead 
screws. 

Model-construction sets seldom include 
static, mechanical, electromechanical, and 
electronic components in the same system. 
Fischertechnik kits are an exception. Even 
pneumatic components are integrated in- 
to the system. (The pneumatics kit includes 
cylinders, actuators, throttles, valves, cams, 
air lines, and numerous accessories.) 

A skillful teacher can introduce ever 
more complex concepts and principles as 
his/her students progress to more ad- 
vanced work— through whatever series of 
hands-on projects intrigues them. Projects 
can be drawn from a variety of technologi- 
cal arenas— even entertainment. A pair of 
junior-high-aged girls at a computer camp 
recently constructed a microcomputer- 
controlled carnival ride from fischertechnik 
parts. 

Tabletop Technology can be used at all 
levels of advanced study. Not only is it be- 
ing adopted in undergraduate and gradu- 
ate engineering programs and teacher- 
training programs in industrial education; 
it is also finding its way into continuing- 
education seminars and industrial R&D 
labs. 

At Northrop University in Los Angeles, 
David Aldrich is coordinator of the Auto- 
mated Manufacturing Systems program in 
the Department of Engineering Technol- 
ogy. In the lab that he has set up, industrial 
engineers and students work together on 
robotics projects such as welding, debur- 
ring, adhesive laying, and spray painting. 
In a graduate-level course entitled Auto- 
mated Manufacturing Systems and Robot- 
ics, students are organized into systems 
teams to design, build, test, and run 
tabletop factories (Photo 4). 

Speaking of the applications of Tabletop 
Technology in continuing education, Aid- 
rich points out that, “there are a lot of 
practicing engineers who did not get their 
schooling during the Information Age. 
They have not learned robotics or com- 
puters. And some of those engineers are 
now responsible for implementing such 
devices in factories. 

“By bringing [the engineers] into a small- 
class situation of six to ten students at the 
graduate level, we can take these students 
and put them through an entire course as 
far as the startup, feasibility studies, 
manufacturing, design evaluations, and 


Photo 3. Students at Southfield High School have used fischertechnik parts to simulate an automated assembly 
operation. Here student Scott Berman makes circuitry modifications on the Heath training systems. The 
model is controlled through the Apple II and the Heath trainers. 




system construction. They can also explore 
the computer-interface problems as well as 



Photo 4. Dwarfed by its real-life counterpart, a fully 
functioning model of the three-axis gantry of a 
Cybotech G-80 robot serves as a design tool as well 
as an instructional device for staff and students at 
Northrop Corp. and Northrop University. Meeting 
within the Cybotech gantry are Barbara Serrano, stu- 
dent; David P. Aldrich, Northrop University Coor- 
dinator of Automated Manufacturing Systems; Terence 
F. Hall, Technical Manager, Northrop Corp. Auto- 
mated Composite Center; Ken A. Marrs, student; and 
Steven P. Zonis, graduate student. 


interface problems with different systems 
within the modeled configuration— putting 
robot A with robot B, or determining the 
time-cycle variances with automatic guided 
vehicles, for example. All these can be 
modeled with fischertechnik.” 

The affordability of Thbletop Technology 
modeling is another important considera- 
tion. As Aldrich affirms, ‘The number-one 
problem in colleges now is cost. A full-scale 
working system would run into the hun- 
dreds of thousands of dollars. We’re talk- 
ing about conveyors, robots, numerically- 
controlled machines, and different 
material-handling devices. Where we run 
into a problem also is that such high-cost 
equipment is not flexible. We can’t move 
it around. We can’t change it once we bring 
it into the university. 

“Thbletop Technology models simulate 
exactly what the larger systems do, but on 
a smaller scale. You can change the model. 
Once you’ve made the initial model, you 
can reconfigure it.” 

Aldrich has worked closely with Terence 
Hall, technical manager of Northrop Cor- 


poration’s Automated Composite Center. 
Hall is not only convinced of the value of 
Thbletop modeling in research and devel- 
opment, he is also pleased with its power 
to communicate persuasively. 

As he puts it, “I believe that it is easier 
to sell an idea to top management if you 
can show them exactly what it is you want, 
especially if they are involved and get to 
push a button themselves and make the 
model move. If a picture is worth a thou- 
sand words, then a working model is worth 
a library.” 


James Durkin and Francine Foster, founders of Crea- 
tive Learning Systems, Inc. and originators of the 
TVan^Tech Systems, have designed and developed 
numerous instructional programs, equipment 
packages, and facilities. 
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Self-Contained Personal Robots 

RoPet™ 

“1st Place-Commercial Division” 

2nd Tournament of Robots, April 29, 1984 

“Best Overall-Commercial Division” 
Tournament of Robots, October 16, 1983 


Whether kit or fully-assembled, RoPet™ is designed to be easy-to-use, reliable, expandable,... and 
USEFUL: RoPet™ is your Robot Guard-Dog, requiring spoken password or it sounds the alarm! 




RoPet’s Powerful Features: Z80 Computer, 4 blank S-100 bus slots, 8 K 6116 RAM, 8 K 2716 EPROM, ZIF Socket for Driver EPROM, 3 Driver EPROMs provided 
(HomeSentry™, VerbaLogo™, SpeechTrain™), up to 256 word vocabulary "Hands-Free” speech recognition (typ. 95+% accuracy) with battery backup/msec response 
time, complex-sound and infinite vocabulary speech generation (w/1 0-Watt speaker), color organ, key-lock security switch, long-lasting (typ. 8 hr) rechargable bat- 
teries, low-voltage detection, battery charger, sonar, and passive infra-red detection. All kits are guaranteed-upgradable to the RoPet-XR™ Personal Robot. Manual 
each kit: $25 is deductible from purchase price of kit. CA residents add 6 V 2 % sales tax. 


A&T: 

RoPet-HR™ $2,495 

RoPet-XR™ $2,195 

Motherboard $1,295 

RoPet Base (inc. motors, 
batteries, wheel 

encoders, etc.) $ 595 

S-100 EPROM Burner.... $ 245 


Kits: 

Motherboard (bare) for kits $145 

Speech Recognition kit $295 

Speech/Complex Sound kit $195 

Computer/S- 100 Bus kit $295 

Sonar kit $195 

Motor-Controller kit $145 

Infra-Red Module $ 95 



PERSONAL ROBOTICS CORPORATION 

469 WASK0W DRIVE 
SAN JOSE, CA 95123 
(408) 281-7648 


Shipping/handling: $45 ea. RoPet™ else $10 


Dealer Inquiries Invited Visa • MasterCard • Check • Money Order 
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ROBOTS 

M THE CLASSROOM 

Niki Delgado 
General Manager 
Rio Grande Robotics 
1595 W. Picacho #28 
Las Cruces, NM 88005 


Robots are captivating the imagination 
of the American public. Practically every 
magazine I have picked up in the past two 
months has some reference to robots. 
These references are not to industrial 
robots, but to personal robots. The public 
is carving a niche in its collective heart for 
cute little creatures that move, talk, and 
can perform a few other simple life-like 
feats. All but the most forward-thinking are 
still reluctant to purchase their own per- 
sonal robots, but no one will turn down 
the opportunity to observe someone el se’s 
neat little friend. 

For those of us involved with the per- 
sonal robotics industry, this fascination 
produces a great deal of publicity, but does 
not necessarily help meet the costs of pro- 
duction and continued research and de- 
velopment. Current personal robotics tech- 
nology needs an identifiable, existing 
market besides the hobbyist and the early 
adopter. Such a market exists. It is the 
education market. 

Public school personnel are aware that, 
as a whole, they have been painfully slow 
to integrate microcomputers into the class- 
room. They appear to want not to make 
the same mistake with small, mobile 
robots. School districts are ready to buy 
when someone can show them how to in- 
tegrate robots into the existing curriculum 
and can demonstrate the results in terms 
of student motivation, learning and 
retention. 

Integrating personal robots into the cur- 
riculum does not mean adding courses in 
robotics technology. Integration means us- 
ing the robot as a teaching tool in reading, 
language, math, science, and other tradi- 
tional subject areas. As a result, students 
are learning about the subject areas, they 
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are learning about computers and personal 
robots, and they are learning how to fit 
these new technologies into their lives. The 
schools do not have to find more room in 
an already full daily schedule for more 
courses, or run the risk of shorting one 
area of learning to make room for another. 
Integration becomes a natural process. 

These ideas are not just theory. They are 
based on actual experience. I have been 
developing and pilot-testing educational 
material for the RB Robot Corporation in 
Golden, Colorado to be used with the 
RB5X robot. The materials are designed 
to help young people and adults learn to 
effectively create their own programs for 
the RB5X using RB Robot’s Robot Con- 
trol Language with Savvy. All of the ac- 


tivities are designed to enhance the user’s 
problem-solving abilities. The activities are 
arranged in order of difficulty and address 
each of RB5X’s specific capabilities. 

Once the activities’ design and content 
were determined, a pilot test site was need- 
ed. The Las Cruces, New Mexico Public 
Schools’ elementary summer school pro- 
gram was secured for this purpose. Las 
Cruces is primarily a rural agricultural 
community located in the southern part of 
the state, about 50 miles north of El Paso, 
Texas and the Mexican border. The town 
of Las Cruces has a population of 56,000 
and is neither a center of affluence nor 
high technology. Many families do not 
speak English at home. The school district 
has only recently received sufficient fund- 



Photo 1. Students can use robots in the classroom to learn about mathematics, the sciences, and also how 
their language works. Here students are programming the RB5X to speak a series of phrases. (Photo by 
W. J. Morrissey.) 



ing to place computers in the elementary 
schools. 

The summer school program’s primary 
aim was remediation in language, reading, 
and mathematics. The students ranged in 
age from seven through 13 and were from 
varied ethnic backgrounds and economic 
levels. 

Pilot test participation was voluntary on 
the part of all ten mathematics and oral 
language teachers. All of the teachers 
whose students were eligible to participate 
in the pilot testing volunteered enthusi- 
astically. Each class had between 12 and 
18 students and each class period was 55 
minutes long. Most students had no pre- 
vious computer-related experience al- 
though a few had computers at home. Five 
activity areas were divided between the ten 
classes. The simplest activities were as- 
signed to the youngest students and the 
more complex given to the older students. 
A schedule was arranged to give each class 
three hours of hands-on time over the 
course of a month. No group met more 
often than once a week. 


I was given my own classroom where I 
set up my Apple He and the RB5X. Each 
group of students had a problem presented 
to them that involved getting the robot to 
do a particular thing, such as move in a 
specified way, use the sensing devices to 
accomplish a certain task, speak, etc. The 
Robot Control Language commands need- 
ed to solve each of these problems was 
written on the chalkboard. Students 
worked in groups of three or four to devise 
solutions. After each group arrived at a 
solution, two or three students were 
selected as joint typists, or robot secretaries 
as one group named them. The groups 
pooled their solutions and decided on a 
single strategy. The typists entered the 
commands in the order suggested by the 
remaining students. The program was then 
downloaded into the robot and the robot’s 
performance was evaluated. If students 
were satisfied that the robot was perform- 
ing as expected, they enlarged the robot’s 
task. If they were not satisfied, they 
modified the program and tried again. As 
the students mastered one activity they 


moved on to the next level of difficulty. In 
some cases, difficulties delayed final solu- 
tions for several weeks. 

The results of the pilot test were fan- 
tastic. I was somewhat concerned about 
having students with no computer back- 
ground start midway in the series of ac- 
tivities, but my qualms were proven 
groundless after the first session. At the 
end of the first hour spent with each class, 
the students had developed successful pro- 
grams to have the robot perform the 
specified tasks, but that was the least of 
the outcomes. Students gained many in- 
sights in mathematics that were previous- 
ly unknown to them: goemetric shapes and 
spatial relationships, the meaning of 
degrees in a circle, and the meaning of 
decimal points. All of the groups were 
faced with learning several computer pro- 
gramming techniques. They had no dif- 
ficulty understanding what loops were and 
where and when to use them, the nature 
of conditional statements and how these 
work, the order of program execution, and 
the idea of a compiler. 


Now Your Computer 
Can See! 


“The MicronEye® camera is an ex- 
tremely versatile image-sensing device 
that can be used in many personal, scien- 
tific. or industrial applications. The unit’s 
cost makes it particularly attractive.” 
Chris Weiland 
BYTE” Oct. “83 

"Plug it in. turn it on. and you have 
pictures on your screen.” 

Ben Dunnington 
“INFO-64” 

“Strongly recommend the Micron- 
Eye to anyone working with computer 
vision.” 

Mike Rigsby 
“Color Computer” Nov. “83 

”... well engineered, superbly doc- 
umented. crawling with support soft- 
ware." 

Steve Rimmer 
“Computing NOW!” Sept. “83 

The MicronEye is a complete plug- 
and-go vision system for your computer. 

This unique product includes all the 
software and hardware necessary to al- 
low your computer to see. 


Images can be stored in your com- 
puter’s memory, enabling the computer 
to store, retrieve, print, analyze and ma- 
nipulate what it sees. 

The MicronEye has selectable reso- 
lution modes of 236 x 1 28 and 1 28 x 64 
with an operating speed of up to 13 im- 
ages per second in the low-er resolution 
mode. 

The MicronEye is designed around 
a revolutionary new micro-chip (created 
and manufactured by Micron Technolo- 
gy) that can see — the 1532 OpticRAM® 
image sensor. 

The OpticRAM automatically digi- 
tizes the image to 1 s and O’s. Multiple 
scans of the same image using different 
exposure times allow the MicronEye to 
see shades of grey. 

The MicronEye can be used for 
graphics input, robotics, digitizing, text 
and pattern recognition, security, auto- 
mated process control, and much. much, 
more. 

Give your computer the ability to see 
w'ith the MicronEye from Micron Tech- 
nology, Inc. 


$295 


MicronEye versions currently available for 
the Apple II + . Apple He. IBM PC, Commodore 
64. and the TRS-80 Color Computer. (RS-232 
version information available upon request.) 

Complete MicronEye system $293. Please in- 
clude $8.00 for shipping and handling (Federal Ex- 
press Standard Air). Sales tax required for 
residents of AK. A Z. CA. CO. CT. FL. GA. IA. 
ID. IL. IN. LA. MA. MD. ME. Ml. MN. NC. NE. 
NJ. NY. OH. PA. SC. TN. TX. UT. VA. VT. 
WA. Wl 
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TECHNOLOGY, INC 




2805 East Columbia Road 
Boise, Idaho 83706 
(208) 383-4106 
TWX 910-970-5973 
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Students had no trouble learning to read 
the adult-level programming language. It 
was gratifying to watch a third-grade girl 
who obviously was not confident of her 
reading ability read and understand: “EX- 
IT IF SONAR distance value is less than 
100” After that first experience, the young 
lady constantly volunteered to read the 
screen (as did all of the other students). 
One of the most amazing outcomes to me 
was to see and hear non-native-English- 
speaking students correcting their own 
heavily accented speech as they perfected 
the speech they programmed into the 
robot. 

Another noteworthy outcome of the pilot 
test was the students’ retention level for 
new concepts learned, whether these were 
directly related to the material presented 
or the result of independent inquiry. The 
students in each class shared a real spirit 
of adventure and camaraderie throughout 
the entire pilot test period. All students 
were helpful and supportive of each other. 
The students are now anxiously awaiting 
the appearance of the robot they helped 


program to participate in the coming city- 
wide Break Dance contest. 

Why can a robot be such a special tool 
in education? There is, of course, the 
newness of the technology for students, but 
there are other more important aspects. 
The robot is a concrete, three-dimensional 
object that children can interact with and 
observe. Students can instantly evaluate 
the results of their work when they pro- 
gram a robot and know that it is easy to 
correct programming errors and attain the 
desired level of satisfaction. In other words, 
they learn that false starts and momentary 
failures are not the end of the road. Most 
important, students gain a feeling of con- 
trol over a tangible object in their environ- 
ment. This can help children to build 
success-oriented learning strategies and 
work patterns. Finally, even if robots have 
certain limitations that are still waiting 
technological advances to remove, children 
will readily engage their imaginations and 
pretend that “their robots” have overcome 
these obstacles and are really outstanding 
creatures. 


At this time, the personal robot’s poten- 
tial as a teaching tool in the general educa- 
tional process is virtually unrecognized. It 
is already becoming clear that the advent 
of the personal robot allows us to teach 
some things better in schools than has 
previously been the case; it allows us to 
teach other things that have been almost 
impossible. Educators don’t know about 
robots yet. It is up to the manufacturers 
to provide the leadership in introducing 
the personal robot to the largest single 
market in the United States. 


Niki Delgado is the General Manager of Rio Grande 
Robotics. She is a former educator with a background 
in early childhood education, special education, bi- 
lingual education, and educational psychology. 
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(LISP) 

Artificial Intelligence Language 
UO-LISP Programming Environment 
The Powerful Implementation of LISP 
for MICRO COMPUTERS 

Excellent for developing A.I., ROBOTIC, EXPERT 
and INTELLIGENT SYSTEMS 

The usual LISP Interpreter Functions 
Data Types, Structure Editor, 
Screen Editor with Mouse Support 
Optimizing LISP Source Code 
Compiler & Assembler, Assembly & 
LISP Code Intermixing, Compliled 
Code Library Loader, Numerous Utility 
Packages, Hardware and Operating 
System Access, Session Freeze and 
Restart, Comprehensive 350 page 
Manual with Usage Examples, and 
much more is available with the 
ADVANCED INTERPRETER, your 
environment may cause constraints, 
review catalog. 

Other UO-LISP products include META a translator writing system, 
RLISP a high level language, and LISPTEX a text formatter. 

KNEW!.' LEARN LISP poR $39.95 

The “LEARN LISP” Interpreter includes a subset of the above 
description, manual includes tutorial. 

The UO-LISP Programming Environment runs on most Z80 
computers with CP/M. Subset also available on TRS 80 Model 1 & 
III with 48K TRSDOS and dual drives. 

Package prices ranee from $39.95 to $300.00. Manuals may be purchased separately. TO ORDER: 
First send for your FREE catalog which lists technical details, distribution formats, and ORDER 
FORMS. VISA and Mastercard accepted. 

Northwest Computer Algorithms 

P.O. Box 90995, Long Beach, CA 90809 (213) 426-1893 




INDUSTRIAL TRAINING ROBOT 


Write for More Information 


P.O. Box 2097 Clarksville, IN 47131 812-288-8285 


HYDRAULIC SERVO ROBOT 

The POLARIS is one of eight Industrial Performance 
Robots designed by Amatrol especially fortraining. Industrial 
grade electrohydraulic servo components and state-of-the- 
art robot controls give students real-life training in the 
classroom. 

The POLARIS with its competency- based courseware is an 
extension of the Amatrol Basic Hydraulics and Electrohy- 
draulic Servo programs allowing complete training from 
Basic Foundation Technology through Robotics. 
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EDUCATION 


Garrett W. Larson 
Dr. Al Haugerud 
Microbotics Development Corp. 
1950 1 12th Ave NE 
Bellevue, WA 98004 


The age of quality educational robotics 
has been ushered in by the incredible ad- 
vancements and widespread use of micro- 
computers in our society. Robotics is a fast 
growing industry and will continue to grow 
as more applications and functions for 
robots develop both for industry and home 
markets. The question that now arises is 
how to train students properly on basic 
robotics principles and how the robotics 
curriculum will best fit in the classroom 
setting. 

Breaking robotics into its basic com- 
ponents and principles allows the students 
to grasp the use of the robot as a tool or 
extension of the microcomputer. One 
author was field-testing a robotics cur- 
riculum and system with a group of 10-year- 
old students. The system was designed us- 
ing modular robotics units, a claw, sensors, 
and a Commodore 64 microcomputer. The 
students’ assignment was to write a pro- 
gram that moved a two-wheeled vehicle 
across the floor and printed STOP on the 
screen when the robot hit the wall. Ten 


Garrett W. Larson is president of Microbotics 
Development Corp., a high-tech educational robotics 
system manufacturer in Bellevue, Washington. Dr. Al 
Haugerud is a professor of science education at Seat- 
tle Pacific University in Seattle, Washington. He has 
spent two years field-testing and developing robotics 
concepts and an elementary robotics curriculum in 
various primary and secondary schools in the Pacific 
Northwest. 


minutes passed as they added, constructed, 
and pieced together a monstrous robot. 

One boy, with modular robot parts in 
one hand and a sensor in the other, yelled, 
“It won’t go forward. Give me another 
motor.” Fifteen minutes were left to com- 
plete the task. As the last seconds ticked 
off the clock, the students pressed G for 
go on the computer, and the robot churned 
into action, heading straight for the wall. 
As it hit the wall, the screen flashed, “I hit 
a tuna,” and the classroom exploded with 
laughter. 

The robot eventually became a tool for 
performing many functions through the 
microcomputer. The more robots become 
tools that the students can work with and 
control, the more students will understand 
the relationships among the robot, soft- 
ware, and themselves. 

Educational robotics devices at an 
elementary level should be simple to use 
and easy to manipulate. The more they can 
be broken down into their simplest parts, 
the more understanding students will have 
on the essential components of a practical 
robotics system. 

Robotics must be taught beginning at its 
simplest form, input and output. Using 
sensors, such as a mechanical sensor, the 
computer can be set up to judge when a 
sensor is either on or off. The computer 
can turn on lights, motors, or whistles in 
repetition to demonstrate the computer’s 


ability to control the peripheral devices. 

Students can create robotics programs 
by controlling more motors, enabling a 
robot to go forward, backward, left, and 
right. By operating separate motors, a fluid 
motion can be created. 

After experimenting with motion control 
and continuity and grasping an under- 
standing of programming the robot, the 
students are faced with unlimited options. 
They are free to use sensor input in coor- 
dination with motor movement and claw 
manipulation in order to create, develop, 
experiment, and execute thousands of pro- 
grams. Only programming skill and imagi- 
nation limit the use of this information in 
more complex interactions. 

Using the accuracy, speed, and analytical 
capability of the computer, robots can be 
an excellent way to teach and experiment 
with math, science, and other learning ac- 
tivities. The robot also becomes an avenue 
to teach geometry, with its ability to draw 
shapes and patterns using a felt pen. The 
robot can help teach calibration and dis- 
tance as the students make the robot go 
ten inches, turn left 90 degrees, and con- 
tinue ten more inches before stopping. The 
entire concept of using the computer to 
perform practical functions with elec- 
tromechanical devices is vividly taught, and 
the kids can have fun learning. 

To work with educational robots, one 
must understand the interaction of simple 
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EDUCATIONAL 

MATERIALS 


Kids Working With Robots: RB5X. 

20 + activities designed to enable children 
to control the R B 5 X . Grades 5 up . $7 . 95 . 

Computer Primer: A Complete Guide for 
Gifted Beginners. A brilliantly clear 481 
page coverage of all aspects for computer 
literacy. Programming for Apple, Atari, 
Commodore, IBM, TRS-80. Grades 3-6. 
$12.50. 

Buckfang’s Logo Challenge. 

Problem solving in Logo. Grades 4-7. Very 
Challenging. Based on Piaget, Polya. 
Shapes & Angles: 

Apple & TI $3.95 
Commodore & Terrapin $3.95 
IBM $3.95 
Words & Lists: 

Apple $3.95 

Commodore & Terrapin $3.95 
IBM $3.95 

The Fermi-Pico-Bagels Logo Game: De- 
veloping Thinking Skills Using Words & 
Lists. Book tells how to program the game 
in Logo for Apple, Commodore, IBM, and 
Terrapin. $4.95. Disks for each computer, 
available with the book for $19.95. 

Kids Working with Computers 

Machine specific books to teach children 
the fundamentals of programming in 
BASIC and Logo: 

Apple BASIC $3.95 
Apple Logo $3.95 
Atari BASIC $3.95 
Commodore BASIC $3.95 
Commodore Logo $3.95 
IBM BASIC $3.95 
IBM Logo $3.95 
Texas Instruments BASIC $3.95 
Texas Instruments Logo $3.95 
Timex-Sinclair BASIC $3.95 
TRS-80 BASIC $3.95 
TRS-80 Color Logo $3.95 

Keyboard Command. 

Three educational games on the Commo- 
dore 64. Multi-level-designed to be very 
deep to accommodate pre-schoolers to 
adults. Reinforces keyboarding, structure of 
the language, and spelling skills. $29.95. 

Trillium Brain Booster. 

A visual reasoning color game with 52 sc- 
reens for the Apple. Easy enough for little 
children, challenging enough for gifted high 
schoolers. $29.95. 


Orders must be on official forms or be pre- 
paid. Orders up to $20.00, add $2.00 post- 
age & insurance; orders of more than 
$20.00, add 10%. NY residents add 8'/ 2 % 
sales tax. Send orders to: 


Trillium Press 

Box 921 - Madison Square Station 
New York NY 10159 
Tel. (212)-505-1440 


sensory inputs, such as mechanical (touch), 
light, and magnetic inputs. This is the basis 
for understanding the relationships of both 
robots and humans in our environment 
and how they interact with it. Children can 
use a simple sensor input to turn a circuit 
on or off, thus reaching beyond computer 
input by actually feeding simple informa- 
tion to the computer about its environment. 

From this they learn how to use software 
to process the information gathered by the 
sensors on the robot. They use this infor- 
mation in programs that interact through 
the software to the environment. An ex- 
ample is having students build a robot that 
moves about the room in search of the 
light beam from a flashlight on the floor. 
After finding it, the robot should stop and 
print “I found the light.” 

The simple robot, as an extension of the 
software programmed by the students, can 
effectively teach the logical reasoning in- 
herent in programming. A tangible under- 
standing of how the computer can be used 
as a tool for various applications is taught 
as the students work with and manipulate 
the robot to perform tasks. They constantly 
refine their activities to perfect their pro- 
grams, and use the robot as an outlet to 
actually work with their programs beside 
them. This way, the action of the robot pro- 
vides obvious evidence of the effectiveness 
of the program and can be judged on the 
robot’s performance. 

A major component of a robotics system 
is to assimilate its relationship with in- 
dustrial and functional uses. An example 
would be a simple gripping mechanism or 
claw. With this extension, the robot can 
be programmed to perform simple grab- 
bing and lifting functions, using the com- 
puter software as an internal “thought” 
procedure and the robot as an extension 
of the computer in the real world. 

As robotic systems become more readi- 
ly available for the classroom setting, it 
becomes obvious that software is the focal 
point or the “brain” of the robot. The soft- 
ware is used to read sensor input and 
digest and process it in a logical manner. 
The software becomes the thinking tool for 
the students and their robots. It puts no 
limitations on the applications and interac- 
tion that a student can have with the com- 
puter and robot. The software encom- 
passes the robot and its environment, let- 
ting the students expand their perceptions 
of a computer by working with the fun- 
damental element of robots, the software 


driving the machine. 

By default, BASIC has become the pro- 
gramming language of elementary and 
secondary students. They learn the 
language not only in a school setting, but 
outside of school as well. An understand- 
ing of BASIC will benefit any child because 
of the applications of computers outside 
classroom teaching and because of 
BASIC’s simple and concise command se- 
quences. In the classroom, Logo can be 
used to create fundamental geometric 
designs with a robot and pen. With both 
languages, computers help motivate 
students to work with and use the com- 
puter as a tool. As children refine their 
skills and perceptions of computers and 
their capabilities, they gain a broader grasp 
of how their relationships with robots will 
create a very powerful partnership in the 
future. 

As students become aware of the current 
applications and future potential of robots, 
robots undoubtedly will become more 
function-oriented. They eventually will be 
built to perform many functions attributed 
to humans and will be specifically designed 
to best serve as extensions of the computer. 
Educational robotics systems will become 
a tool for teaching computer literacy. 

Robotics will play a large role in artificial 
intelligence. With the simple interaction 
and functions of a robotics system, 
students will gain greater knowledge of the 
potential of robots and computers and 
create software with more logical and com- 
prehensive structure. The robotics system 
will help unlock limited input and output 
and open new channels of communication 
for the software and computer. 

During this time of experimentation and 
forming, simple concepts must be stressed 
to create a quality educational basis of 
robotics principles. These concepts will 
lead to new ideas and products, new ways 
of dealing with problems and information. 
The elementary level is the place to begin 
teaching robotics and its relationship with 
computers. Robot, computer, students, and 
teacher can work together to better under- 
stand new technology and its future. 


Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 

72 82 92 

Excellent Good Fair 


22 ROBOTICS AGE September 1984 


ROBOTICS AGE 
BACK ISSUES 


SUMMER 1979: Digital Speed Control of DC 
Motors; Industrial Robots 79; Introduction to Robot 
Vision; The Grivet Chess-Playing Arm. 

(photocopy) 

WINTER 1979: Advances in Switched-Mode 
Power Conversion, Part 1; Prospects for Robots in 
Space; Robotics Research in Japan, Report from 
IJCA16. 

SPRING 1980: Microcomputer Based Path Con- 
trol; Robotics Research in France; Multiple Sensors 
for a Low-Cost Robot; the Robots of Autofact II; In- 
side Big Trak. 

SUMMER 1980: Industrial Robots; Today and To- 
morrow; Introducing the Minimover 5; Advances in 
Switched Mode Power, Part II. 

FALL 1980: Using Optical Shaft Encoders; Inter- 
view with Victor Scheinman; Robot Vision for In- 
dustry; The Autovision System; Industrial Robotics 
'80; Robots on Your Own Time; Superkim Meets 
ET-2. 

JAN/FEB 1981: A Robot Arm Without a Budget; 
An Interview with Joseph Engelberger; Robots V— 
Dearborn 1980; Robots on Your Own Time; Opto 
‘Whiskers,’’ Robot Toy Designs. 

MAR/APR 1981: Video Signal Input; Chain-Code; 
Camera Geometry for Robot Vision; TIG Welding 
with Robots; Robot Digestive Track— Robots on Your 
Own Time. 

MAY/JUNE 1981: Rehabilitative Robots; A 
Homebuilt Computer Controlled Lathe; An Interview 
with Charlie Rosen; Superkim Meets ET-2, Part II. 

JULY/AUG 1981: Segmenting Binary Images; The 
Robot as Transfer Device; Continuous Path Control 
of Stepper Motors; TIMEL; A Homebuilt Robot. 

SEP/OCT 1981: Bullish Days in the Robot 
Business: Edge Detection in Man & Machine; Con- 
tinuous Path Control with Stepping Motors; Build a 
Low-Cost Image Digitizer, Report from JACC-81; The 
Robot Builder’s Bookshelf. 

NOV/DEC 1981 : Teach Your Robot to Speak; Fast 
Trig Functions for Robot Control; An Interview with 
George Devol; The Great Japanese Robot Show; 
TIMEL: A Homebuilt Robot, Part II. 

JAN/FEB 1982: Avatar: A Homebuilt Robot; A 
Look at SS-50 Computer Boards; Working Within 
Limits; Ambulatron: Another Contest Winner; 
Quester. 

MAR/APR 1982: The Rhino XR-1: A Hands-On In- 
troduction to Robotics; Power for Robots; A Com- 
puter Controlled Sentry Robot: A Homebuilt Project 
Report; Natural Language Understanding: A First 
Look; RT-13 Video/Sound Recognition System; An 
Inexpensive Hand; Type 'N Talk. 

MAY/JUNE 1982: Part Sources for Robots; An In- 
expensive Arm-Hand System; The Polaroid PI 00 
Polapulse Battery: Solution Waiting for a Problem; 
New Robot Books for the Bookcase: Applying Robot 
Vision to the Real World; Robots VI: A Landmark 
in an Exciting Era; Photo Essay and Notes from 
Robot VI. 

JULY/AUG 1982: The Microbot Teach-mover; 
Some Notes On the Rhino XR-1 and Minimover 5; 
Patent Probe; Use Your Apple As a Robotics 
Development System; IBM Robots; Adapting a 
Speech Synthesizer; Constructing an Intelligent 
Mobile Platform, Part I. 

SEPT/OCT 1982: Roving Robots; Report on SIG- 
GRAPH ’82; Patent Probe No. 4,221,99 7; Construc- 
ting an Intelligent Mobile Platform, Part II; The 
Physics of One-Legged Mobile Robots. 


NOV/DEC 1982: Robot Wrist Actuators; Patent 
Probe; A Microcomputer Based, Real-Time Robot 
System; The Physics of One-Legged Mobile Robots; 
Part II; 1982 AAAI Conference; Armatron: A Study 
in Arm Engineering; Invention Documentation: A 
Primer. 

JAN/FEB 1983: The Move-Master RM-101; 
Mailmobiles in the Office; Teaching the Rhino XR-1 
to Write; The Philosophy and Birth of Computer 
Science; The 2-Roll Gripper. 

MAR/APR 1983: Nuclear Power Plant Emergen- 
cy Damage Control Robot; Artificial Intelligence and 
the Nature of Robotics; Patent Probe; Driverless 
Vehicle Autoguide; Lamberton Robots. 

MAY/JUNE 1983: Patent Probe: Multi-Purpose 
Mechanical Hand; XY Interpolation Algorithms; 
Designing With Optical Shaft Encoders; A Table of 
Contemporary Manipulator Devices; An Algorithmic 
Approach to Intelligent Robot Mobility. 

JULY/AUG 1983: The Get Away Special, Part I; A 
Nose for the Heath Hero-1; Patent Probe: Am- 
bulatory Platform; Robotics and the Law: Organiz- 
ing the Venture; A Table of Contemporary Manipu- 
lator Devices. 

SEPT/OCT 1983: ODEX 1: The First Functionoid; 
A Cog-Wheel Driven Robot Cart; A Table of Con- 
temporary Manipulator Devices; Patent Probe: A 
Portable Robot Task Analyzer; The Penpad: Hand- 
written I nput for Computers; The Get Away Special, 
Part II: Flight Preparations. 

NOV/DEC 1983: Complete Control with Forth on 
a Chip; A Simple Sense of Touch for Robotic Fingers; 
Current Offerings in Robotics Education; Single 
Board Computer Manufacturers; A Table of Contem- 
porary Manipulator Devices; Welding Apparatus 
with Vision Correction. 

JANUARY 1984: Robots in Batch Manufacturing; 
Super Armatron; Directory of Robotics Education 
and Training Institutions; A Table of Contemporary 


Manipulator Devices; Patent Probe: A New Robot 
Patent Category; Operator Roles in Robotics; The 
Scorpion: Software Overview. 

FEBRUARY 1984: GRASP: From Computer Aided 
Robot Design to Off-Line Programming; Design and 
Construction of a Five-Fingered Robotic Hand; Pat- 
ent Probe: Omnidirectional Vehicle; Using Micro- 
processors with Radio-Control Servos; Designing 
a Reliable Voice-Input Robot Control Language; Part 

II, The Scorpion: Motor Control Instructions. 

MARCH 1984: Part I, Armega 33: Mechanical 
Design; Patent Probe: Robot Computer Chess; Part 

III, The Scorpion: Commands with Responses; A 
Simple Computer Interface. 

APRIL 1984: Closing the Sensor-Computer- 
Control Loop; Bipedal Balance; Patent Probe: Robot 
Warehouse; Part II, Armega 33: The Electrical 
Components. 

MAY 1984: Backyard Foundry for Sand Casting; 
Androtext, A High-Level Language for Personal 
Robots; Part III; Armega 33: Computer Control; 
Computers in the Real World. 

JUNE 1984: Introduction to Numerical Control Pro- 
gramming; Glossary of CNC and Machine Tool 
Technology; A Glance at Some Microprocessor- 
Controlled CNC Tools; Intel's Bitbus Microcontroller 
Interconnect. 

JULY 1984: Shape Memory Effect Alloys for 
Robotic Devices; Hitachi’s Robot Hand; Part II, 
Backyard Foundry for Sand Casting: Making the 
Molds; Fantasy Meets Reality at New York Robot Ex- 
hibit; Meccano and the Home-Built Robot; The Role 
of Robots in Flexible Manufacturing Systems; A 
Review of the Colne Armdroid I. 

AUGUST 1984: Animate vs. Inanimate; The Echo 
II Speech Synthesizer; Computer Vision and Rang- 
ing Systems for a Ping Pong Playing Robot; Robots 
and Employment; Angles and Brads; Robots 8 Ex- 
position and Conference; Part of the Beginning. 


Copies Summer 79 $15/ea. 

Copies Winter 79 $3.00/ea. 

Copies Spring 80 $3.00/ea. 

Copies Summer 80 $3.00/ea. 

Copies Fall '80 $3.00/ea. 

Copies Jan/Feb '81 $3.00/ea. 

Copies Mar/Apr '81 $3.00/ea. 

Copies May/June '81 ... . $3.00/ea. 

Copies July/Aug '81 $3.00/ea. 

Copies Sept/Oct '81 $3.00/ea. 

Copies Nov/Dec '81 $3.00/ea. 

Copies Jan/Feb '82 $3.00/ea. 

Copies Mar/Apr '82 . $3.00/ea. 

Copies May/June 82 . $3.00/ea. 

Copies Jul/Aug '82 $3.00/ea. 

Copies Sept/Oct 82 ... . $3.00/ea. 

Copies Nov/Dec 82 ... . $3.00/ea. 

Copies Jan/Feb '83 $3.00/ea. 

Copies Mar/Apr '83 . . $3.00/ea. 

Copies May/June '83 . . $3.00/ea. 

Copies July/Aug '83 $300/ea. 

Copies Sept/Oct 83 $3.00/ea 

Copies Nov/Dec 83 . . . $3.00/ea. 

Copies January - 84 . $3.00/ea. 

Copies February '84 $3 00/ea. 

Copies March '84 $3 00/ea. 

Copies April '84 $3.00/ea. 

Copies May '84 $300/ea. 

Copies June '84 $3.00/ea. 

Copies July 84 $3.00/ea. 

Copies August 84 $3.00/ea. 


Send to: 9/84 RA-D 

ROBOTICS AGE, 

174 Concord St., 

Peterborough, NH 03458 


□ SPECIAL OFFER: 

With my order of 10 or more back 
issues, please send me FREE, the 
photocopy of the Summer 1979 
issue— a $15.00 value! 

Send in your name, address, and payment to receive any back 
issues of ROBOTICS AGE you’ve missed. Payment must accom- 
pany order— back issues cannot be billed. 

For individual back issues add $1 .50 postage and handling for the 
first back issue. For each additional back issue add 50c. 

Total Postage and Handling 

Total Payment Enclosed 


NAME 


ADDRESS 


CITY STATE ZIP 

i 




Read About It First 


InRo 


Don't Miss A Single 
Monthly Issue 

We've read about robots for decades in 
the science fiction genre. Today's creative 
engineers are fast making yesterday's fic- 
tion obsolete. The technology is becoming 
real . . . Real engineering of real-time com- 
puter systems for real applications — that's 
what robotics is all about. Robotics Age is 
your monthly window on the nuts, bolts, 
bits and design concepts of this new 
microprocessor hardware and software 
technology. The inspiration of science fic- 
tion plus the practical information in 
Robotics Age keep you abreast of this ex- 
citing field. 

Intelligent machines are already a major 
part of our world. We see the new realities 
of walking machines, autonomous space 
and undersea explorers, factory automa- 
tion, feedback from vision and touch, 
robots of the industrial and personal 
flavor. We see sentry robots patrolling 
homes, forts, factories and offices. We see 
the prospect of the automotive autopilot 
and personal robotics. 

Robotics Age looks to this future with 
articles about design concepts, products 
and practical experimental techniques. 
You'll find advertising from the suppliers 
of components and systems for intelligent 
machine engineering, as well as in-depth 
tutorials and reviews of available technolo- 
gies. You'll find numerous practical and 
proven design techniques. You’ll learn 
how to use microcomputer electronics 
where it counts, how to build simple, 
reliable touch sensors, how to use visual 
and aural pattern recognition to gain in- 
formation about the real world, how to 
design programs that plan strategies of 
operation. You'll find articles on what 
makes today's personal robotics ex- 
periments tick, and more 

Robotics Age Has the 
Information You Need- 
First and In Detail 

In past issues, we've had several articles 
on walking robots— the design problems 
of legged mobility. One article described 
aspects of a one-legged hopping robot. 
Another described ODEX I, a recently 
designed experimental six-legged mobile 
robot. ODEX I has been widely publi- 
cized, including an appearance on a 
syndicated television series as well as 



superficial articles in numerous general 
magazines. If you were a subscriber in 
1983, you read about ODEX I first. In ad- 
dition to being first, our article on ODEX 
I contained a level of detail only available 
in the Robotics Age style of technical ar- 
ticle . . . and nowhere else. So, don’t miss 
out on the opportunity to find out about 
the latest developments in detail and 
ahead of the crowd — subscribe today. 

Your subscription to Robotics Age is 
the key to this technology. You get month- 
ly exposure to new and exciting informa- 
tion as it becomes available. 

Subscribe Today 

Don't miss out on a single issue. 
Subscribe today and have the next issue 
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delivered directly to you. At our regular 
subscription price of $24 for twelve 
monthly issues, you'll save $12 over the 
newsstand price. You can save even more 
with longer subscriptions — a two-year 
subscription at $45 gives you a savings of 
$27 over the equivalent cost at the news- 
stand, and the $63 price for a three-year 
subscription saves $45 over the price of 
single copy purchases. Send your subscrip- 
tion order today. Fill out the coupon 
below, check the appropriate boxes, and 
send your order to: Robotics Age, PO Box 
358, Peterborough, NH 03458, or, simply 
give us a call at (603) 924-7136. 
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If you send check or credit card pay- 
ment with your mail order, or give us 
credit card information with a phone 
order, we'll give you a special two-part 
bonus: First, we’ll credit you with an 
extra issue added to the term of your 
subscription. Second, we’ll send you a 
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A TOTALLY NEW 
GUIDE BOOK TO 
SENSOR AND 
TRANSDUCER 
TECHNOLOGIES 


T 'he 1984 Sensor and Transducer 
Directory is now available from 
the publishers of the monthly 
magazine, Sensors: The Journal of 
Machine Perception. This is the first 
edition of an annual directory to be 
published every January. It contains 
more than 300 listings of companies 
which make hundreds of components 
important to the engineer who must 
add sensors and real world interface 
components to microprocessor-based 
systems. 

You'll find information organized 
and indexed into two sections for fast 
answers to your sensor and trans- 
ducer technology questions. The first 
section is a complete master list of 
sensor and transducer manufacturers, 
corporate information and a company 
profile. Along with each company's 
listing there is a list of distributors 
and representatives by geographic 
location. 

In the second section, we've pro- 
vided a set of indices to the com- 


pany profiles by sensor type. You'll 
find information on who makes near- 
ly 100 different classes of sensors 
ranging from accelerometers to ther- 
mocouples, from gas pressure to 
humidity, from acidity to resistance. 

If a physical, chemical or biological 
quantity can be readily turned into 
an electronic signal that can be 
analyzed, you'll find a pointer to the 
manufacturer of such a sensor/trans- 
ducer product. For each type of sen- 
sor, you'll find an alphabetical listing 
of company names and page num- 
bers, giving you fast access to the 
suppliers of each type of sensor. 

If you've ever had a tough prob- 
lem finding out who makes what 
kind of sensor, The 1984 Sensor and 
Transducer Directory will be 
indispensable. 

Order yours today. 

ONLY $29.95 
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I recently received a call from Geoff Chap- 
man, who represents a British company, Rem- 
con Electronics, Ltd., and was visiting the 
United States. We managed to get together for 
an hour or two at the Boston airport, where 
Geoff proudly displayed a wonderful little educa- 
tional robot arm being distributed by Remcon. 
The machine is designed as a serious teaching 
aid for schools, colleges, universities, and in- 
terested experimentalists. 

The first thing that struck me about the robot 
was its compact size. Geoff carried it, with 
demonstration control box and batteries, in a 
standard briefcase. It was also very light, 
weighing only 2.5 kg including the base plate, 
since it was made from plastic molded parts. 

The robot, dubbed Teach Robot (TR2), is an 
injection molded plastic arm, driven by lead 
screws which are mounted on the various arm 
segments. Since the motive force is mounted 
separately for each arm segment, the interplay 
between arm segments is reduced to a 
minimum. 

The prime movers for each of the Teach 
Robot’s six functions are custom-made DC 
motors with shaft encoding and thumb wheel 
neatly incorporated at the brush end of the 
motor. Each motor has an optical encoder 
which provides position information. Four of 
the motors drive lead screws for controlling the 
basic arm movement. One lead screw, secured 
to the mounting base, rotates the entire robot 
arm through a 90° turn. Each of the major arm 
segments are also controllable through a 90° 
reach. Although at first this appears to be 
limiting, still it provides sufficient flexibility for 
most actions. The gripper position and jaw mo- 
tion are controlled via two brass worm gears 
and a nylon worm wheel. The jaws move 
through a 180° arc and the wrist can roll 540°. 
The only limit on wrist roll is the cabling at- 
tached to the jaw motors. All these motors and 
lead screws combine to produce a rated 0.5 mm 
positioning repeatability. 

The Teach Robot is packaged in a compart- 



Photo 3. The Action Box, here shown in the Ger- 
man edition, is a simple control box for demonstrating 
the arm. The buttons simply provide a voltage to the 
motors and short out the windings to lock them into 
place when the buttons are released. 
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REMCON TEACH ROBOT 

by Raymond GA Cote 

mented polystyrene box as a number of ready- 
built wired and tested subassemblies. The 
assembly task takes about six hours, although 



Photo 1. Overview of the Tbach Robot. The TR2 is 
mounted on a demonstration base which supports 
the machine and provides an anchor for the base- 
pivot lead screw. The Eurocard controller cards each 
monitor and control an individual axis. All of the arm 
elements are injection molded parts. The lead screws 
and housings are metal. Metal bushings are used at 
each joint to reduce wear and friction. 



Photo 2. A lead screw and accompanying drive motor 
control each axis. The base-rotating lead screw is 
secured to the base. Also shown in this photo is the 
DB-25 connector at the right of the board, used to 
interface with the Action Box or a control computer. 



Photo 4. Each drive motor has a thumbscrew 
mounted on the back. Although it is rather time- 
consuming, it is possible to physically control the arm 
position by using these thumbscrews. Since the 
thumbscrew is mounted directly to the motor shaft 
and the feedback encoders, feedback is provided to 
a control computer when the axes are manually 
moved. This is particularly useful when teaching the 
robot the finer points about a motion. 


veteran kit builders can construct it faster. Ac- 
tuator wiring is via a five-way ribbon cable, 
terminated locally to a factory-fitted six-pin plug. 

The components (of engineering plastic) have 
metal bushing inserts molded into the joints. 
The moldings carry prethreaded brass strips 
along their length, on which experimentalists 
may affix their own features. The wiring harness 
is supported by retainers incorporated into the 
structural moldings. 


ROBOT CONTROL 

In its simplest form, the Teach Robot can be 
driven by an attached Action Box. The switches 
on the box allow the experimentalist to con- 
nect a DC power source 12 to 20 V at 1.5 A 
to drive the individual motors. The motors are 
dynamically braked by shorting the motor when 
the switch is released. 

The next level of control is provided by a set 
of computer controller cards. The controller 
consists of six Eurocard-compatible cards which 
connect the robot with any computer. Each 
board drives one Teach Robot function and car- 
ries circuitry to provide two adjustable speeds 
of operation— fast and creep. The card also 
maintains a counter to track the actuator posi- 
tion and state. 

The system motherboard can accept up to 
nine boards, providing the option for further 
expansion and use with stop switches, other en- 
coders, etc. 

Perhaps the most amazing part of the entire 
robot system is its price. The quoted U.S. price 
for the arm itself, including a 90-page manual 
giving full mechanical and electronic details, is 
$377.50. The Action Box is priced at $61.50 
and the complete control computer is priced 
at $275. 

The Teach Robot will be available in the 
United States starting in September. Distribu- 
tion will be handled by Remcon Electronics, 
Ltd., PO Box 148258, Nashville, TN 37214, 
telephone (615) 361-3936. 



Photo 5. This close-up of the gripper shows the brass 
worm and nylon gear arrangement. One of the Teach 
Robot’s few failings is the absence of a parallel-jaw 
gripper. This jaw arrangement does provide sufficient 
force to pick up an object the size of a pen. However, 
it would be more useful if it had parallel jaws. 


MORAVEC'S 

MOBILE ROBOTS 

Alfred B. Bortz 
1312 Foxboro Drive 
Monroeville, PA 15146 


Hans P. Moravec, a researcher at 
Carnegie-Mellon University's Robotics In- 
stitute, understands better than most peo- 
ple that progress takes time. He knows that 
even when your goal is clear, the path to 
reach it may not be. You may have obsta- 
cles to overcome or avoid. But to avoid 
them, you must first recognize them. Oc- 
casionally, you may perceive an obstacle 
that is not there, or you may find an 
obstacle as you near your goal that you did 
not see when you first set out. 

Clearly, making progress can be a slow 
process. You scan the terrain and interpret 
what you see. You plan a path toward your 
goal, and you take a step in what your 
analysis indicates is the best direction. 
After you take that step, you look around 
again and refine your perceptions and your 
plans. Then you take another step and 
repeat the process until you reach your 
goal. 

Moravec’s research reflects that philoso- 
phy. His present work at CMU, developing 
mobile robots with sophisticated vision 
capabilities, is the natural extension of 
work he did as a student at Stanford Uni- 
versity’s Artificial Intelligence Laboratory 
(SAIL). Surprisingly, his goal is not robot 
mobility. Rather, he sees robot mobility as 
a step toward a much more ambitious goal. 
“I see mobile robots as one of the surest 
ways of getting at general artificial intelli- 
gence,” he asserts. To some people, that 
statement is surprising, but Moravec makes 
a most convincing case. 

Moravec’s mobile robot research exemp- 
lifies the philosophy of step-by-step pro- 
gression. His mobile robots have a goal, 
identify obstacles, and plan their path 
around those obstacles to that goal. They 
may take a long time getting there, but they 
diligently plan and move toward their goals, 
meter-by-meter. 


THE STA N FORD CART 

Moravec’s Ph.D. work was an exercise in 
patience. From 1973 through 1980, he 
labored over what he described in a SAIL 
technical report as a “pre-existing vehicle 
with fairly crude mechanical and electronic 
attributes” to produce a “rickety camera- 
equipped rover” called The Stanford Cart, 
which was controlled over a radio link by 
“a computer system of medium capability.” 

His cart’s ultimate achievement consisted 
of navigating across an obstacle-strewn 
field, reaching a goal approximately 20 
meters away in approximately five hours. 
Although by human standards that perfor- 
mance is hardly noteworthy, the Stanford 
Cart deservedly received considerable at- 
tention in the AI community. 

Today, at CMU, Moravec leads a research 
activity building new rovers (Pluto, Nep- 
tune, and Uranus) which have many signifi- 
cant advances over the Stanford Cart. But 
to fully appreciate the CMU Rovers, we 
must first understand their venerable 
predecessor. 

Photo 1 shows the Stanford Cart, a 1 
meter square by 1.5 meters high four- 
wheeled vehicle. Its television camera 
transmitted a black-and-white picture 280 
pixels wide by 240 pixels high, having four 
bits (16 levels) of gray scale. An onboard 
controller received remote control infor- 
mation over citizen’s band radio. The 
camera moved along a 52 cm. horizontal 
track, producing images of the same scene 
from multiple vantage points. In actual 
operation, the camera took nine pictures 
at precise 6.5 cm. intervals, producing a 
nine-eyed composite view of the world. 

Before an actual obstacle course run 
began, a rectangular array of dots with a 
single cross was used to calibrate the vi- 
sion system. Photo 2 shows a view of an 


indoor obstacle course and the calibration 
pattern. Calibration determined both the 
camera’s focal length and distortion, which 
the computer then used to correct images 
during the run. 

After calibration, the cart was taken to 
its obstacle course, given a goal relative to 
its position and heading, and instructed to 
begin. The camera took nine pictures and 
transmitted them to the computer. The 
computer first enhanced the pictures, a 
step necessary because of “snow” in the 
video link. Then it analyzed the video data, 
locating features by comparing the pictures 
to each other and to features previously 
identified. Finally, it determined a path 



Photo 1. The rickety Stanford Cart, Moravec’s first 
mobile robot. (Photograph courtesy Hans Moravec. 
Photographer: Rodney Brooks.) 



Photo 2. An indoor obstacle course for the Stanford 
Cart. Its camera calibration pattern is on the right 
hand wall. (Photograph courtesy Hans Moravec. 
Photographer: Rodney Brooks.) 
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which enabled it to reach its goal. Based 
on that path, the computer sent a signal 
to activate the steering and drive 
mechanisms, and the cart lurched about 
a meter along the path. 

The entire “thinking” process took 10 
to 15 minutes, depending on the complex- 
ity of the situation and the load on the 
computer. P&rt of the reason for that length 
of time was the cart’s unpredictability. Be- 
cause it had no wheel position sensors or 
range finders, and because the action of 
its drive and steering motors was not easi- 
ly modelled, its movement was predictable, 
under ideal conditions, to no better than 
20 percent accuracy; it simply was not very 
repeatable. Furthermore, external condi- 
tions, such as the slope and texture of the 
ground and the battery voltage, also in- 
fluenced cart motion. 

A partial solution to this uncertainty was 
to use the computer not only to analyze 
the several images, but to compute the cart 
motion during each interval based on the 
features identified in those images. This 
solution was far from ideal. In one note- 
worthy case, errors in successive computa- 
tions accumulated and the net error be- 
came so large that certain features were 
determined to be in more than one place. 


VISION AND PATH PLAN NING _ 

The vision analysis system used on the 
Stanford Cart was based on the concept 
of features , points which could be unam- 
biguously located in different views of a 
scene. Features were identified by their 
contrast with other pixels in their im- 
mediate vicinity, using an identifier subrou- 
tine known as the interest operator. Cor- 
ners were excellent features since they have 
high contrast in orthogonal directions. 
Uniformly colored regions and simple 
edges were not deemed interesting. Inter- 
secting edges were very interesting. Photo 
3 shows the interest operator at work in 
two different scenes. 

The interest operator occasionally iden- 
tified spurious features. For example, if a 
distant object was partially obscured by a 
nearer one, there was an apparent corner. 
Such features, however, were eliminated by 
a correlator subroutine. 

The correlator used a successive refine- 
ment method to match features identified 
in any two pictures. It operated by repre- 
senting each feature as a series of images, 
each covering a smaller portion of the view- 
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ing area, and each represented as a 6 by 
6 array of values. Each value was an aver- 
age of a set of pixels. At the coarsest scale, 
the correlator examined a 15 by 16 array 
of possibilities to determine the portion of 
one picture that had the best correlation 
to each feature in the other picture. Then 
it proceeded to the next finer scale. 

The stereoscopic vision computation 
used the correlator to match features found 
in the central picture to each of the other 
eight images. Since the terrain on which 
the cart moved was fairly level, the program 
could restrict its feature-matching search 
to a relatively narrow horizontal band for 
each feature. 

Even with the restricted search range, 
the correlator sometimes matched features 
incorrectly, but the effect of incorrect 
matches was diminished by using the data 
from all nine images. Each of the 36 possi- 
ble pairings of the nine correlated features 
was used as a stereoscopic baseline to com- 
pute a distance to the presumed actual fea- 
ture. If all eight correlations were correct, 
all 36 distance calculations would agree to 
within a small margin of error. In practice, 
at least a few correlations were likely to be 
incorrect, requiring a statistical interpreta- 
tion of the data. 

Using that statistical interpretation, 
Moravec found that the Cart could distin- 
guish between real features and spurious 
ones if as few as two or three of the eight 
correlations were correct. The data based 
on real features produced a statistical con- 


sensus as to the distance from the cart to 
the feature. Spurious features appeared to 
be at many distances at once. 

Figure 1 shows how the cart, having 
identified features in its field of view, 
planned its path to its destination. If a 
feature was above the maximum height of 
the cart or flat on the floor, it was not con- 
sidered an obstacle. Other features, repre- 
sented in the computer as fuzzy ellipsoids 
due to the uncertainty in their measured 
position, were approximated by circles 
which are roughly their shadows on the 
floor from an imaginary beam of vertical 
light shining from above. The radius of 
each circle was increased by an amount 
large enough to take into account the 
physical dimensions of the cart and its 
uncertain control. 

To take into account the cart’s steering 
limitations, the program added fictitious 
obstacles to eliminate the choice of an im- 
possible first step. Then the program used 
a standard minimum path-length algorithm 
to select its path, and directed the cart to 
take a step. Each step was roughly an S- 
shaped curve, designed to position the cart 
properly for its projected next step. 

At the end of each step, the computer 
had to recompute the Cart’s three- 
dimensional position, allowing for some 
vertical motion. Once again, Moravec 
called on the correlator for help. The pro- 
gram correlated features in the central im- 
age at the Cart’s new position with features 
seen at its last position. As before, not all 
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Figure 1. A planned path through a field randomly strewn with obstacles. The radius of each obstacle has 
been increased to account for the Stanford Cart’s size. (Based on a figure from “Visual Mapping by a Robot 
Rover” by Hans Moravec, Stanford Artificial Intelligence Laboratory, April, 1979.) 



Photo 3. The interest operator in action on two scenes from the Carnegie-Mellon University Robotics In- 
stitute. These television images, produced by CMU Rover Neptune's cameras, use much the same interest 
algorithms as the Stanford Cart. Neptune is apparently interested in a person in the scene on the left and 
its older sibling, Pluto, in the scene on the right. (Photographs courtesy The Robotics Institute, Carnegie- 
Mellon University.) 


features were real, and the correlations 
were not perfect. But pairs of real, sta- 
tionary features have unchanging separa- 
tions, a fact used by the Cart’s program to 
identify features it could trust. If the 
trustworthy features were new, the program 
added them to the features already in its 
world model. It then computed the best 
approximation to the motion and rotation 
of the cart during the last move, based on 


the changes in apparent position of all the 
correctly correlated features. 

Unfortunately, this type of calculation is 
subject to error, and the errors on suc- 
cessive steps may accumulate to the point 
that features, previously stored in the cart’s 
world model, appear again as new features 
beyond the range of uncertainty of their 
previous incarnations. This actually hap- 
pened in one memorable test run. The 



Photo 4. The Stanford Cart enjoying a stroll in the 
California sun. (Photograph courtesy Hans Moravec. 
Photographer: Rodney Brooks.) 


Cart thought that its path was blocked 
when in reality there was nothing in its way. 
The poor Cart was literally seeing double. 
Its planned path, says Moravec, was “silly.” 
Moravec had no choice but to clear out 
the world model and hope that the Cart 
would be able to spot the obstacles again. 
Unfortunately, it failed to notice a large 
cardboard icosahedron four meters ahead 
of it. The cardboard was too uniform in 
appearance and the background shifted 
too rapidly at close range for successful 
identification. The cart collided with the 
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Photo 5. Pluto, the first CMU Rover. Pluto, like the 
Stanford Cart, has a multi view vision system. Three 
pairs of independently controlled wheels give it a large 
range of translational and rotational motion. (Photo- 
graph courtesy The Robotics Institute, Carnegie- 
Mellon University. Photographer: Gregg Podnar.) 




Figure 2. A drawing showing some of the detail of Pluto's wheel assemblies. (Drawing courtesy The Robotics 
Institute, Carnegie-Mellon University.) 


Photo 6. Neptune, the latest, but not the last CMU 
Rover. Neptune has binocular vision and moves like 
a tricycle. (Photograph courtesy The Robotics In- 
stitute, Carnegie-Mellon University.) 



Photo 7. One of Pluto’s wheel assemblies. (Photograph 
courtesy The Robotics Institute, Carnegie-Mellon 
University.) 


icosahedron, and Moravec had to move it 
out of the way manually. 

The Cart suffered two other amusing 
mishaps, one outdoors and one indoors. 
In the outdoor test, it identified a number 
of very sharp features which were simply 
shadows in the California sun. Since these 
features moved as much as half a meter 
while the computer was thinking, the com- 
puter’s world model became confused. 
Photo 4 shows the cart in the rnidst of one 
such run. In the indoor test, human error 
set the goal to be behind a wall. When the 
cart got close enough to recognize features 
on the wall, it repeatedly backed up to try 


to find a path around them, obviously 
without success. 


CMU ROVERS 

At Carnegie-Mellon University, Moravec is 
no longer encumbered with a pre-existing 
rickety vehicle or by graduate student 
status. He now supervises several students 
of his own who are involved in building and 
experimenting with the CMU Rovers. 

The first Rover, Pluto, shown in Photo 
5, has been the subject and product of ex- 
tensive work. Neptune, shown in Photo 6, 
has binocular vision and a less complicated 
(but less flexible) mobility system. It was 
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completed in early 1984. Uranus has not 
yet been built. 

Pluto, the most general and ambitious 
robot of the three, is a three-level cylin- 
drical device about a meter in height and 
55 cm. in diameter. Its improvements over 
the Stanford Cart are in three major areas: 
mechanical reliability and control, com- 
puter processing power, and sensory input. 
Moravec’s group plans to add a manipu- 
lator arm, eventually enabling it to open 
a door and roll through. But, for the pres- 
ent, they are concentrating on questions 
of mobility, computational speed, and 
navigation. 

The major mechanical advance is the 
system of three pairs of wheels, each wheel 
assembly controlled by a pair of motors. 
Each motor is controlled by its own micro- 
processor. Photo 7 and Figure 2 show a 
typical motor-wheel assembly. Having a 
pair of wheels in an assembly provides for 
low friction steering while the robot is 
stationary. 

One motor controls the steering of the 
assembly, turning a shaft so that the wheels 
turn in a small circle. The other motor 
turns a shaft connected to a differential 


gear between the two wheels. If it turns one 
way, the wheels roll forward; if it turns in 
the opposite direction, the wheels roll 
backward. Each shaft has a 4000 count per 
revolution optical shaft encoder, providing 
excellent resolution of each wheel’s motion. 

The wheel control algorithm maintains 
the orientation of the wheels such that 
lines through their axles meet at a com- 
mon point. If the point is infinity, i.e. the 
wheels are parallel, purely translational 
motion results. If the point is directly 
beneath the center of the robot, the mo- 
tion will be purely rotational. By adjusting 
the position of that point and the speeds 
of the motors, any combination of transla- 
tional and rotational motion can be 
achieved. 

This range of capability provides an 
unexpected benefit: a reducing gear capa- 
bility. At a given motor speed, the faster 
the robot spins, the slower it moves for- 
ward and the steeper the slope it can climb. 

Theoretically, the motion of any pair of 
wheel assemblies can completely define the 
motion of the robot. However, wheel slip- 
page, and to a much lesser extent digitiza- 
tion uncertainties, can lead to ambiguous 


results. Thus, the CMU Rover studies will 
include visual navigation as well as naviga- 
tion derived from shaft encoder informa- 
tion. However, the motion of the CMU 
Rovers will be much more reliably measur- 
able and much more repeatable than the 
motion of their predecessor. Blind naviga- 
tion may be possible for Pluto and friends. 

On Pluto’s bottom level, along with the 
motors, are the batteries. These provide 
power to run the motors, the onboard mic- 
roprocessors, and other electronics, which 
reside in the middle level. The micropro- 
cessors were selected on the basis of com- 
putational capability and electrical power 
consumption. The motor-control proces- 
sors, Motorola 6805s, read the shaft en- 
coders and control the motors according 
to the signals provided by a processor 
known as the Conductor, a Motorola 
68000. 

The Conductor orchestrates and coor- 
dinates the motions of the individual 
motors to provide the desired motion. Like 
individual musicians, the motor-control 
processors provide the inputs to their in- 
struments in response to the Conductor’s 
guidance. 
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This Conductor interprets not one, but 
two, scores. One score is provided by the 
Controller, which provides the desired posi- 
tion as the robot moves. The other is the 
Simulator which uses data from the motor 
shaft encoders to maintain a dead- 
reckoned model of the Rover’s position. 

Together with the motors, shaft en- 
coders, and related sensors, the three 
68000s form a classical feedback system. 
The Simulator and shaft position sensor 
hardware form an elaborate position sens- 
ing system, the Conductor and motor as- 
semblies are the actuator, and the Con- 
troller provides the central control. The 
feedback takes place in the Conductor. It 
uses sensed information about the Rover’s 
position to determine what signals, sent to 
the motors, will move the Rover along the 
desired path. 

Pluto also has several other onboard 
processors, as well as the use of some very 
powerful computers. One onboard proces- 
sor, another Motorola 68000, is dedicated 
to communication between the Rover and 
the main computer, a VAX 11/780 with a 
powerful ST-100 array processor and a 
custom high-speed digitizer. The main pro- 
gram interprets the visual information pro- 
vided by the camera and plans the path. 

The camera, being more advanced than 
the decade-old device on the Stanford 
Cart, provides a considerably better signal. 
Likewise, the communication link is im- 
proved. The camera broadcasts a UHF or 
microwave signal to a high bandwidth 
digitizer system whose output goes to the 
VAX. The Rover receives its controlling 
data as error-corrected and checked 
packets of infrared light. 

Pluto’s vision and path planning software 
are, at present, little different from their 
Stanford counterparts. However, the in- 
creased computational power and im- 
proved signal quality have vastly increased 
Rover’s speed. Pluto’s initial steps were 
separated by only 2 to 3 minutes. 

The Rovers will also have other capabil- 
ities beyond those of their predecessor, in- 
cluding Polaroid sonar ranging devices, 
infrared proximity sensors, and contact 
switches. The sonar can provide naviga- 
tional information, supplementing the 
visual and motor-shaft signals. The prox- 
imity sensors and contact switches provide 
final defenses against collision. On Pluto, 
two Motorola 6805s monitor those sensors 
and can provide, on request, that sensory 
information to the controller. 
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Another 6805 controls the camera’s pan, 
tilt, and slide motors. A third 6805 pro- 
vides utility information such as battery 
voltage and motor temperature. In addi- 
tion, that processor controls the power to 
the television camera and transmitter. With 
proper programming, the Rover could shut 
off its power-hungry eyes and use its other 
navigational information. 

Not yet installed is a minimal onboard 
vision system to be used when the Rover 
is out of range of its base system. This 
would add one more 68000 board to the 
middle level. 

With all these new features, Moravec’s 
group will have a wealth of experiments to 
choose from as the CMU Rovers begin 
their active lives. The results of these ex- 
periments will, no doubt, be anxiously 
awaited by the many people who hope 
someday to be able to use autonomous 
mobile robots in a variety of applications. 


GENERAL AR TIFICIAL INTELLIGENCE 

Having the background knowledge of 
Moravec’s experiments, we can begin to 
understand his statement that “mobile 
robots are one of the surest ways of get- 
ting at artificial intelligence.” Looking at 
AI in retrospect, Moravec says that in the 
old days, people thought that “the high- 
level mental abilities were the hard part 
because people have so much trouble do- 
ing them and nothing else can do them 
at all.” 

But then “computers were programmed 
to solve theorems and do calculus and play 
chess . . . and, actually they did it rather 
well. They didn’t do it as well as the very 
best people, but most of these things they 
did as well as the average person, which 
is not bad for a first try.” 

Perceptual problems turned out to be 
much more difficult, as Moravec’s doctoral 
thesis and many others demonstrated. 
Moravec notes that when people first 
started to build hand-eye systems, “there 
were some early successes ... but they very 
quickly bogged down.” Getting a computer 
to see as well as the average person, ac- 
cording to Moravec, “is still far beyond the 
horizon at the moment.” These difficulties 
in what was supposed to be the easy part 
of AI led to a lot of pessimism, which we’re 
just coming out of again.” 

No one, however, can accuse Moravec of 
pessimism. Speaking of his powerful 10- 
megaflop array processor (a megaflop is 


one million floating-point operations per 
second), he says, “Personally, I think it’s 
not powerful at all. It’s just not quite so 
puny as the even more puny ones. I really 
think to do human quality vision, which 
is certainly what I want to do eventually, 
we need about 100 billion operations per 
second. So we’re a factor of 1000 short. 
But we make do with what we have.” Then, 
laughing, he continues, “I guess humming- 
birds and shrews get by with less than 
people.” 

Moravec’s work is one of many projects 
which demonstrate why the supposedly 
easy part of AI turned out to be difficult. 
But why did the supposedly difficult part 
turn out to be easier than expected? 
Moravec’s theory is that for the high-level 
mental abilities, “the machines don’t have 
much competition. People are not very 
good at them either. People haven’t been 
doing them very long ... a million years at 
the most, a few thousand for most of them. 

“[Furthermore] we’re using general- 
purpose mechanisms to do things for 
which they’re not very well designed. As 
an extreme example, for instance, consider 
the capability of people to add large lists 
of numbers. Computers instinctively add 
numbers. Even the [calculator] in my pock- 
et can do that. People are much slower. 
And if you look at what’s probably happen- 
ing in their brains, people are using tens 
of billions of neurons. They’re visualizing 
the numbers and they’re seeing the tables 
or they’re hearing them. They’re using 
billions of neurons where tens would suf- 
fice and could do a better job. 

“But our vision has been developed over 
a period of hundreds of millions of years. 
If you look at the way it’s connected, there 
are neurons connected up to do these 
lateral integration operators, and there are 
comer-finders and motion detectors. And 
they’re wired up about as well as you could 
wire up neurons to do these things. And 
what’s more, look at how much of the brain 
is probably wired up that efficiently. It’s 
about 10 percent. 

“I think we use [those structures] as a 
subroutine in a lot of our thinking. If we 
can map some high-level process onto one 
of those functions which we do well, then 
we start doing [that process] really well. 
That’s why there are some people com- 
puters can’t match. I believe those people 
have managed, usually through a lot of 
hard work, to tap some of this instinctive 
well. Even if it’s not perfectly organized, 


they’ve found some way of making a map- 
ping that gives them some of the power 
that’s there. But this means that some of 
the perceptual abilities are the hard part 
of AI.” 

Moravec, in all of that, is really talking 
about evolution. The most elegantly 
organized portions of our brains are those 
which have had the longest time to evolve 
and have had to cope with the most ex- 
periences. Those are the portions of our 
brains which we share with many other 
species, portions which are traceable back 
to our common ancestors. The high-level 
functions, some of which we share, but to 
a lesser extent, with only a few other 
species, evolved more recently. 

Moravec notes that ‘this 99 percent of 
human intelligence has evolved exclusive- 
ly in creatures that have a mobile way of 
life, and in the evolutionary record, they 
were mobile before their nervous systems 
grew.” He finds the molluscs the most con- 
vincing example of this argument. “Clams 
have a few hundreds of neurons and don’t 
do much. The octopus and squid are clams 
that basically left their shells and decided 
to move around. In response, presumably 


to the pressures of the ecological niche in 
which they found themselves, they grew a 
large nervous system; imaging eyes totally 
independently evolved. It is as if evolution 
were just forcing them into that same direc- 
tion [as mammals].” 

A plant is an extreme case of immobili- 
ty, and that clearly affects its evolution, 
notes Moravec. “A tree is extremely good 
at what it does, but it’s not on the way to 
human intelligence. The reasons are ob- 
vious. I see [those reasons] working in our 
research as well as in the natural world. 
Mobility puts a great premium on generali- 
ty. A general solution is much better for 
a mobile creature because it encounters 
such varying situations as it moves around 
in the world. Whereas a creature which 
lives in a fixed place has a much narrower 
set of problems to deal with. So the 
premium there is on much greater speciali- 
zation. The evolutionary pressures there . . . 
do not lead, from the evidence of the 
natural world, in the direction of general 
intelligence. 

“For that reason, I like working on 
mobile organisms and solving the day-to- 
day problems. I assume that evolution does 


not have an idea of where it is going, but 

it does, day-to-day, solve its problems 

If you’re in the right niche, then you’re solv- 
ing the right problems, and you head that 
way anyway even though you don’t know 
where it is.” 

Moravec’s Mobile Robots, although they 
have a distinct goal in physical space, have 
a much more nebulous one in intellectual 
space. And as for Moravec himself, what 
is his ecological niche? It seems to be solv- 
ing his day-to-day nitty-gritty problems, or, 
as he puts it, “We’re really worrying right 
now about the lower levels. We’ll build a 
cortex some time later.” 
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ROBOTICS’ ROLE IN 

NBH-TECH EDUCATION 


To the average person, the word robot 
engenders visions of a multi-limbed, walk- 
ing, talking space odyssey ... an automaton 
capable of performing incredible feats. In 
reality, educators and electronic techni- 
cians recognize the robot as a means of 
curing the worldwide economic slump. 

Robots are already part of broad-based, 
high-tech educational programs. At voca- 
tional schools, robotics provides motiva- 
tion and stimulation that attracts students 
and instructors alike. At colleges and uni- 
versities, high-tech studies round out the 
overall development of technicians as they 
prepare for their careers. 

Robots have ever-increasing applications 
in industrial and military operations. They 
will be used more and more in such fields 
as laser technology, hazardous waste man- 
agement, materials use, holographic in- 
spection, bionic-electronics, computer pro- 
gramming, energy, and health care. By 
1990, technicians in the United States will 
number an estimated 2.5 million. They will 
need specialized training— training now of- 
fered by leaders of the robotics industry. 

Robotics will help the United States nar- 
row the disparity between its automation 
and that of Japan and Western Europe, a 
deficit that costs this country millions of 
dollars a day in the competitive worldwide 
markets that seek newer, better, less expen- 
sive goods and services. 

Why robots? They can work 24 hours a 
day on boring tasks and in hostile environ- 
ments, take no coffee breaks or vacations, 
seldom get sick, and do not make judge- 
ment errors. Most important, they can be 
easily reprogrammed to perform different 
tasks as required, thus making them a 
much more attractive investment than 
traditional hard automation. Whether 
viewed as friend or foe, the “iron collar 
worker” has found a niche in man’s im- 
agination and is an invaluable asset to 
man’s work. Robots are here to stay. And 
our quest now is to understand them and 
use them wisely and profitably. 

As U.S. industries look to robotics and 
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other fields of technology as a means of 
economic survival, a corresponding change 
in America’s educational system is also 
under way. Vocational-technical training is 
facing its greatest challenge, and its abili- 
ty to respond will determine our economic 
fate. Is the challenge being met? How do 
we prevent “inadequate education” from 
occurring in existing programs? 

These questions were among those 
raised during a recent discussion with John 
Lawson, the president of Feedback, Inc. of 
Berkeley Heights, New Jersey. Feedback 
has been a supplier of fundamental and 
leading-edge technical education equip- 
ment for more than 25 years, and is a 
manufacturer of educational robots. 

Before commenting on the role of the 
robot as an educational tool, Lawson first 
set the stage: 

“Fact: Forecasters estimate that the use 
of robots in manufacturing will experience 
an annual growth rate of 35 percent dur- 
ing the 1980s. 


“Fact: General Motors expects to in- 
crease its number of plant robots from 300 
in 1980 to 14,000 in 1990. 

“Fact: The number of robots used in the 
United States is expected to skyrocket from 
1450 in 1980 to over 21,000 by 1990. 

“Fact Major United States companies, in- 
cluding GM, Chrysler, Ford, General Elec- 
tric, Westinghouse, and IBM have commit- 
ted major capital investment to the develop- 
ment of increased robot applications. 

“To answer the obvious question, yes, 
there is a major need to increase robotics 
education.” 

Robots have already brought significant 
change in such areas as improving produc- 
tivity, preventing occupational hazards, and 
conserving resources. Recent develop- 
ments in microelectronics have increased 
their flexibility, reliability, and adaptability 
so much that robot potential is virtually 
limitless. TVemendous potential exists in 
the nonmanufacturing sector, particularly 
in the nuclear power industry, for main- 
tenance, repair, and the dismantling of 
reactors. Robots also have possible uses in 
ocean floor resources and coal mining. 

Lawson explained that we are not pur- 
suing robots simply because they are 



Photo 1. A typical laboratory setting showing one student controlling a Feedback Armdraulic with an Apple 
computer while another calibrates the robot’s position transducer system. 



Where the 
Technicians’ Jobs 
Will Be by 1990 



Figure 1. This chart estimates where the technicians’ jobs will be by the year 1990 and the various industries 
served. Note the tremendous potential in the area of robotics. 


futuristic or glamorous. Robots provide the 
essential link that makes flexible manufac- 
turing and the “factory of the future” a 
feasible concept. 

“But, high technology and automation 
do not necessarily mean that machines will 
replace workers,” Lawson emphasized. 
“They do mean, however, that the role of 
workers will change drastically. For every 
new robot placed into service, an educa- 
tional need is created. Keeping these 
robots running will require properly trained 
robotics engineers, technicians, mainten- 
ance, and repair people. Educational in- 
stitutions must move quickly and careful- 
ly toward restructuring curricula, retrain- 
ing faculty, and redesigning laboratories.” 

The complex systems surrounding high- 
tech equipment may be composed of me- 
chanical, electrical, electronic, hydraulic, 
and pneumatic devices, just to name a few. 
A broad base of knowledge and an under- 
standing of basic principles in the various 
practices of high technology will be need- 
ed to give technicians the required flexibili- 
ty. And, while the need for specialists in 
all of these important areas will always ex- 
ist, the greatest need will be for the “super- 
tech,” able to operate, maintain, and repair 
systems that incorporate combinations of 
mechanisms, hydraulic actuators, digital 
circuits, electric motors, and the like. 

About 30 universities and colleges in the 
United States offer full degrees in robotics 
education, and the number is growing 
steadily. More vocational-technical schools, 
junior colleges, and universities are adding 
robots and robot courses to their curricula. 
The government is making available mil- 


lions of dollars to further high-tech educa- 
tion, with a particular emphasis on 
robotics. On the surface, the future looks 
bright. 

One problem may be ahead. Although 
robots are exciting and outstanding enroll- 
ment builders, many schools have no idea 
what to do with a robot once they have it. 
Many of the educators asked to instruct a 
robotics course may be inadequately 


trained to do so. Some programs may even 
produce “robot specialists” who lack a well- 
rounded background or who are incapable 
of adapting to changes in technology. 

A well-designed curriculum prepares 
technicians for robotics as well as other 
high-tech occupations. The emphasis 
should be on practical applications and 
real-world examples. Yet, once the student 
has reached a certain level of ease and 
competence, studies should be made avail- 
able in specialized fields such as robotics, 
microelectronics, lasers, or newly de- 
veloped fields. 

“The robot . . . can stimulate and 
motivate a classroom like no other high- 
tech teaching tool and can transform text- 
book theory into exciting, practical, hands- 
on experience,” Lawson explained. He out- 
lined criteria educators should consider 
when selecting an educational robot: 

Credibility — The mechanism should 
closely resemble a useful robot and must 
possess capabilities with obvious industrial 
relevance. These factors are not only essen- 
tial to student motivation, they also aid the 
school in its quest for funding. Beware of 
robots that are great attention-getters on 
open-house day but have limited practical 
teaching potential. 
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Flexibility — The key to any robot’s suc- 
cess is its flexibility. An educational robot 
should be able to adapt to different teach- 


ing roles (serving versus programming, use 
with different host computers for off-line 
programming, and so on). 



Figure 2. The Feedback Nucleate Program Concept gives students a broad knowledge base and an under- 
standing of basic principles. The program consists of two parts, an electromechanical technology core and 
specialty satellites. The core concentrates on the various area that govern high-tech occupations such as 
fluids, mechanics, computers, etc. This type of core program forms a firm foundation for all high-tech fields 
and provides a necessary knowledge base. 


Technology — The equipment must ex- 
emplify desirable design features of its type. 
The most generally accepted robot device 
is the revolute arm of five closed loop axes 
plus a gripper. It should be programmable 
by walk-through techniques, teach pen- 
dant, and external host computer. 

Safety — The robot should be designed 
so it does not injure students and is not 
easily damaged. 

Extendability — The robot should be easi- 
ly modified for local project work (fitting 
of custom-designed end-of-arm tools, 
mounting of vision systems, and so on). 

Support— Educators should select a sup- 
plier willing and able to provide readily 
available training, applications assistance, 
and service. 

By paying attention to these require- 
ments and carefully selecting robot ven- 
dors, educators can create a useful learn- 
ing environment. 
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limited time SPECIAL OFFER: 


SCORPION MOBILE ROBOT KIT 



World leaders in instructional robotics 

RHINO 

ROBOTS 

3402 N. Mattis Ave. 

P.O. Box 4010 
Champaign, IL 61820 
(217)352-8485 


Regularly $660 
NOW ONLY $299 
SAVE OVER 50% 


FACTORY 

DIRECT 

ONLY 


The $299 package price gives you the Scorpion kit with everything 
needed for assembly plus our 250-page assembly and operation 
manual (a $20 value) as a free bonus. 

The Scorpion is a versatile floor mobile robot that can be run 
from the RS-232C port of any computer, small or large. It is designed 
specifically for the serious robotic enthusiast who owns a personal 
computer and would like to experiment with robotics, artificial intelli- 
gence, machine intelligence, pattern recognition, and mobile robot 
theory. These activities are permitted by the Scorpion by virtue of its 
unique features, which include 2 drive motors, 4 bumpers with 2 micro- 
switches each, 2 programmable eyes, a speaker with tone and dura- 
tion programmability, a 2 axis optical scanner tha allows patterns of 
the brightness of the robot’s environment to be displayed on the CRT 
of the computer, and a 2 phase floor scanner that can be used to 
allow the Scorpion to track the floor environment in an intelligent 
manner. 


Enclose check or money order with order. 
VISA and Mastercard charges accepted. 
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USING THE POLAROID 
ULTRASONIC RANGING SYSTEM 


When I first considered creating a syn- 
thetic mobile intelligence, it became quick- 
ly obvious that the most important deci- 
sion would be the creation (or selection) 
of the sensory apparatus. The choice of 
hardware at this point profoundly in- 
fluences the device complexity and the 
ultimate achievable intelligence. 

There is an unfortunate relationship be- 
tween sensory complexity, data quality, and 
speed. Systems providing the highest quali- 
ty data are the most complex and difficult 
to interpret. Difficulty, in this case, relates 
inversely to speed. 

Another factor is the device’s structure. 
For my machine, I felt that limiting the 
robot’s vertical stature would limit its needs 
for perception. World modeling might then 
realistically be limited to the two principal 


Glenn Hoffstatter 
8650 Guiana, #C2058 
Playa del Rey, CA 90291 

axes of the robot’s existence. In this way, 
all navigational considerations are reduced 
to the supporting plane and its perimeter 
walls. It was this decision, in addition to 
low cost and electronic simplicity, that 
made ultrasonics the obvious choice. 

A search of then-current literature led 
to the discovery of Tod Loufburrow’s book, 
How Tb Build a Computer-Controlled 
Robot . Here I found the plans for an 
LM1812-based ultrasonic transceiver. This 
device uses a piezoelectric crystal which 
“rings” at its natural resonant frequency 
when “pumped” with a high-voltage pulse. 
I built the transceiver, but its ranging and 


resolution were severely limited by the 
transducer sensitivity. 

THE POLARO I D SYSTEM 

Abandoning piezoelectrics was easy when 
I discovered the marvelous electrostatic 
unit marketed by the Polaroid Corporation. 
I tried one, and its performance was spec- 
tacular. The system consists of an electro- 
static transducer and two printed circuit 
cards. The smaller of the two cards con- 
tains the transducer drive and echo- 
detection circuitry; the larger contains the 
multiple-drive logic which controls the 
firing rate of the smaller board. The larger 
board also keeps track of the time inter- 
val between transmission and echo detec- 
tion, which it displays as distance in feet 
on an LED display. 


spectraLIGHT™ CNC 



PERSONAL 
COMPUTER 
CONTROLLED 
LATHE WITH FULL 
CNC CAPABILITY 


$ 2995 . 


Compatible with your own APPLE II, lie, 11 + 

• Turn steel, aluminum, brass, plastic 

• Create prototypes and replacement parts to perfect fit 

• Make one or a thousand perfect turnings 

• Update and automate your small machining operations 

• Fully train new CNC operators 


Swing over bed is 3.5”, with 8” between centers. Ball bearing 
spindle and precision gib slides give positioning precision to 
under ±.0005”. Program the lathe in conventional CNC code, 
with linear and circular interpolation and store up to 200 differ- 
ent patterns on one diskette. With the most popular personal 
computer you can get: 




LATHE AUTOMATION FOR $2995. 

Call (603) 625-8600. 

Distributor inquiries welcomed 


LIGHT MACHINES CORPORATION 


649 East Industrial Drive, Manchester, NH 03103 



TO _ 


CONTROL TECHNOLOGY 

pArmdroid 1 1 

Armdroid 1 has Rugged connectors all software sup- 
construction. .aluminum frame ported. Capable of "continuous 
with bracing Heavy-duty path" using several joints at 
tapered pin bearing base. IC's once under computer control, 
are socket mounted for ease of Can be operated by most micro 
maintenance or fault insertion. computers with an 8-bit port. 

Six degrees of motion with five Software currently available for 
axes of rotation. 10-Oz. lift Apple lls. Franklin. Commodore 
capacity. Included on unit is 1 64. Digiac 4500 and CT80. 

external stepper motor connec- Kaypro II. and IBM. 
tor and 4 external device #00001 N OOI $1 .295.00 

□ sm CDmPUTING. INC. 

Bax 210E 

Fargo. North Dakota 5B1D7 

800-362-3145 EXT 117 
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All of the functions implemented in 
hardware can be replaced by software, one 
transistor, and one TI2003 inverter-buffer. 
To understand the hardware interface be- 
tween the microcomputer and the trans- 
ceiver, study Figure 1. Note the lines la- 
beled VSW, MFLOG, and XLOG. When 
driven high, VSW initiates the firing se- 
quence (similar to lighting a fuse). After 
some unspecified time, XLOG goes low, 
marking the beginning of transmission. 
Finally, echo detection is marked by the 
high-to-low transition of MFLOG. 

Any interface to this device must provide 
for two things: the initial firing of the 
transmitter and the measurement of the 
period between transmission and echo de- 
tection. My investigations led to two dif- 
ferent ways of meeting these requirements, 
different in both the resolution of the data 
they acquire and in the amount of hard- 
ware required for the interface. 

A SIMPLE INTERFACE 

The simplest approach uses two interrupts 
and the period of the main program loop 
for timing the transmit-echo interval. If in- 
terrupts are not available in your system, 
input/output (I/O) ports and polling may be 
substituted with only a marginal loss of 
accuracy. 

The three control lines and the interface 
element are linked in the following way. 
First, VSW must he driven high by the 
amplified signal from an I/O port or a latch 
driver like the Sprague 4801. Next, the 
software counter is reset to zero. This 
counter is incremented once during each 
successive pass through the main program 
loop. When transmission begins, the 
XLOG signal is inverted by one leg of the 
TI2003 before driving its associated inter- 
rupt. The routine servicing the transmit in- 


terrupt reads and stores the value in the 
software counter. 

When or if the echo returns, the MFLOG 
signal must also be inverted before driv- 
ing its associated interrupt. This inversion 
is performed by another leg of the TI2003. 
The routine servicing the echo interrupt 
again reads the software counter, compar- 
ing the new value with the one stored 
earlier. The difference represents the 
relative distance to the detected obstacle. 
Adjusting the period of the main program 
loop (the executive) to one millisecond 
simplifies the conversion of the relative 
measurements into actual distances. Since 
sound travels at about one foot per milli- 
second, dividing the echo routine’s count 
difference by two yields the approximate 
distance, in feet, to the detected object. 

Each transmit cycle spans a period of 
200 ms, which is divided into 100 ms of 
transmitter on time (beginning when VSW 
is driven high) and 100 ms of drive circuit 
bleed-down time. You can reduce the 
bleed-down period to 40 ms by adding the 
1000k Ohm resistor shown in the dotted 
circle of Figure 2. 

At the conclusion of each transmit cy- 
cle, VSW is driven high, the software 
counter is reset to zero, and the whole pro- 
cess repeats. Using this approach, resolu- 
tion is limited primarily by the period of 
the software counter. 

IMPROVING RESOLUTION 

For low cost and high reliability, my per- 
sonal philosophy always dictates the sub- 
stitution of hardware with software 
wherever possible. While this approach is 
acceptable for many applications, my 
machine’s growing need for greater preci- 
sion forced the development of a second, 
more hardware-intensive interface. The 



Figure 2. Diagram of the minimal hardware required for the transceiver-to-microprocessor interface. The 
lk Ohm resistor (shown in the dotted circle) provides for faster cycling times by bleeding down VSW when 
the 2N2907A is switched off. 



Figure 1. Basic schematic for the Polaroid ultrasonic 
drive board and transducer. The signal lines labeled 
VSW, MFLOG, and XLOG are used to control the 
firing of the transceiver and to indicate the transmis- 
sion cycle status. The +5V is supplied by an LM 323K 
three-terminal regulator. 


second design dramatically improved reso- 
lution while simultaneously reducing soft- 
ware overhead. 

The hardware in Figure 2 includes a 
7473 JK flip/flop (the low-power Schottky 
version does not work) and an Intel 8253 
programmable three-channel timer. Prior 
to operation, this device requires an in- 
itializing sequence which proceeds by 
writing the zero mode word and a count 
of five to the timer and then allowing it to 
time out. This causes the OUT pin to go 
high, driving Q low and gating the timer 
off. Beginning each transmit cycle, the 
mode and count words are again written 
to the 8253, and VSW is driven high by 
the 4801 latch driver acting through the 
2N2907A transistor. At this point, system 
setup is complete and the program may 
resume normal subroutine service. 

When transmission begins, the inverted 
XLOG signal pulls J high, thus driving Q 
high and allowing the counter to begin 
counting down. When or if the echo re- 
turns, the inverted MFLOG signal pulls K 
high, driving Q low, disabling counting. 
The count data remains latched into the 
8253 until the end of each transmit cycle. 
At that time, the count data is read from 
the timer into a memory storage register, 
where it remains until it is updated at the 
conclusion of the next transmit cycle. 

When using a 750 kHz timer clock and 
with the transceiver looking at fixed ob- 
jects ranging from six inches to ten feet, 
this system has demonstrated a repeatabili- 
ty of plus or minus two clock cycles. Since 
this device transmits at four frequencies 
ranging from 50 to 60 kHz, a 750 kHz 
timer clock yields about 12 clock cycles per 
transmitted wavefront. At this frequency, 
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Figure 3. High-speed, high-resolution interface to the Polaroid drive board. The inverted signal from the 
timer’s OUT pin stabilizes the loaded count until the XLOG transition gates the timer on. 


the observed repeatability of four clock 
cycles (one third of a wave) is equal to 
about 0.072 in. (Sound at standard tem- 
perature and pressure travels at 1086 feet 
per second. The length of one wave is 
therefore equal to 1086 fps divided by 60 
kHz). Transmitting at higher frequencies 
would improve resolution, but would 
sacrifice range because of attenuation. 

The manner in which this system is used 
is crucial to its efficiency. The optimal ar- 
rangement requires running the transmit- 
receive-store cycle continuously. In this 
way, range data, updated at regular inter- 
vals, is available to any program module 
requiring it. 

~ PROBLEMS AND SOLUTIONS" 

I found a potential error mode in this 
system which mysteriously never occurred. 
If the echo does not return, Q is never 
driven low, the timer remains gated on, and 
counting begins as soon as the next count 
word is loaded instead of waiting until 
transmission begins. For its own reasons, 
Polaroid has taken care of this problem us- 
ing the generation of a so-called synthetic 
infinity. The Polaroid board is designed so 
that if there is no echo return, MFLOG 


automatically goes low 75 ms after trans- 
mission, thus gating the timer off and en- 
suring correct transmitter sequencing. 

One other problem area is the trans- 
ceiver’s sensitivity. MFLOG may occasional- 
ly record an echo return immediately fol- 
lowing transmission. This may be handled 
either by adjusting the sensitivity poten- 
tiometer on the Polaroid board or by as- 
suming an immediately returned pulse is 
erroneous. Sensitivity adjustments may be 
simplified if you have an oscilloscope. 
While monitoring the Q output of the 7473 
counter, the adjustment potentiometer 
should be rotated from full clockwise (max- 


imum sensitivity) to full counterclockwise 
(minimum sensitivity), causing the trans- 
ceiver to range from frequent false trigger- 
ing, through a band of consistent accurate 
echo detection, to a cutoff point where no 
echoes are received. The potentiometer 
should be adjusted to the region of greatest 
repeatability when the transducer is fo- 
cused on a fixed object. 
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HDBBV ROBOT-S P 

More SpecDroids™ from SPECTRON INSTRUMENT 

ROBOT IV KIT $250 

A traditional style robot arm. 3 axis plus 
grip and wrist rotation. It complements 
our ROBOT I by introducing motion in 
three dimensions with parts gripping and 
handling. (It doesn't have the drawing and 
vision ability of our ROBOT I). Great for 
stacking sugar cubes, or for transferring 
to your coffee. With software for learn 
mode using VIC 20/64 and joystick. In- 
cludes 2 & 4 finger grippers. Optional vi- 
sion add-on module. 


VISION SYSTEMS 

VISION I KIT $100 

Panoramic scan vision system. Use for 
motion detection and tracking, pattern 
recognition. 

VISION I 

STEREO/TWIN KIT $150 

Triangulates for 3D ranging. 

VISION 2D KIT $135 

Adds tilt for TV image. Full grey scale. Easy 
to use with BASIC. Pattern recognition, VISION 0 KIT $40; 2 for $70 
X-Y tracking, Robot Vision. Fixed view and proximity detect. 

See July or August for more products. 

Interface kits for several computers, more arms and vision units. 

WRITE OR CALL FOR CATALOG. 

SPECTRON INSTRUMENT 

1 342 W. Cedar Ave. Denver, CO 80223 
Telephone (303) 744-7088 







SWITCH YOUR MICRO TO 
CONTROL TECHNOLOGY 


CNC5UHM 


The Lathe has a centre height of 
70 mm and is compact and 
portable. Overall dimensions 
are 680 mm length, 445 mm 
depth, 240 mm height. Total 
weight is 40 Kg. Drive 
electronics are tray-mounted at 
the rear of the machine. The 
Lathe is designed to interface to 
any parallel-port 8 bit micro 
computer. The basic software 
provides a comprehensive 
range of G-codes and the facility 
to accept and retain complex 
cutting sequences. A variable- 
scale emulator provides 
graphics for tool path verifica- 
tion. Other software features 


include editing, update of 
current software block and 
safety measures. Currently 
available for BBC and Com- 
modore 64 computers. 
SPECIFICATIONS 
Chuck size 80 mm 

Swing over bed 130 mm 

Swing over cross slide 80 mm 

Distance 

between centres 325 mm 
Speed range 0-2,000 rpm 

Stablized DC. Variable Speed 
Drive, X and Z drives, 200 step 
high torque stepper motors, 
Software for at least 100 blocks 
#0001 0-N010. $6,250.00. 


□sm compuTiNG. inc. 

Bax BIDE 

Fargo. North Dahota SB1D7 

800 362-3145 EXT 117 
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New Books 

Robotics Research 

The First International Symposium 
edited by Michael Brady and Richard Paul 
The fifty-three contributions collected in this book present 
leading current research in one of the fastest moving fields of 
artificial intelligence. 

$65.00 1,000 pp. 600 illus. 

The Future of the Automobile 

The Report of MIT’s International Automobile Program 
Alan Altshuler, Martin Anderson, Daniel Jones, 
Daniel Roos, and James Womack 
A dramatic new shape for the automobile industry emerges 
from this far-ranging study, the most comprehensive assess- 
ment ever conducted of the world’s largest industry. 

$16.95 

The Al Business 

Commercial Uses of Artificial Intelligence 
edited by Patrick H. Winston 
and Karen A. Prendergast 
“The superior companies of 1990 will be leaders in the effec- 
tive use of computers. Catalyzing this leadership in comput- 
erization will be the effective exploitation of Al. For anyone 
who wants to understand this critical role Al will play, TheAl 
Business is must reading. ’’-Philip K. Meyer, Vice President, 

F. Eberstadt & Co., Inc. 

$15.95 28 Carleton Street, 

Cambridge, MA 02142 


THE MIT PRESS J 


CONTROL 
DC MOTORS 

Using TTL outputs 

■Run two permanent magnet 
motors in forward and reverse 
■TTL isolated from motors 
■Built in protection logic 
■24 volt, 5 amp capacity 
■Plugs into AppleII+/IIe game 
port with a 16 pin DIP jumper 
■Or use any latched TTL output 
■All ICs socketed 
■Sample programs 

DC CONTROLLER BOARD $69.00 

CONTROL WARE 

P.O. BOX 1467 
OAK BROOK, ILLINOIS 60521 
312-530-4110 

COD orders ok. Applell is a 
trademark of Apple Computer 



LASER SCANNING MOTOR 


THE ROBOT TECHNOLOGY SERIES 

By David M. Osborne 

Book I 

ROBOTS: An Introduction to Basic Concepts and Applications 

This state-of-the-art text, first in the Robot Technology Series, explores “steel-collar workers," 
their design and construction, applications, and challenges and opportunities for the future. 

Over 115 illustrations are included, plus a complete glossary. Analogies of everyday ob- 
jects such as a bicycle, music box, delivery truck and screen door are used to explain robotics 
principles and construction. 

Hard cover NOW ONLY $29.95 

Book II 

The Applications of ROBOTS to Practical Work 

Once you have a basic understanding of robots, this book shows you how to put them to 
work. You learn how to analyze a job for robot feasibility. How to break down a job into 
its basic functions. How to select a robot. How to choose a robot company. How to plan for 
and install the robot. 

You're taken through several realistic robot installations from loading a lathe to 
assembly . . . from welding to deburring. You'll also learn that a robot is not always the answer! 

There are over 120 illustrations and photographs, plus a listing of major robot companies. 
Questions are included for classroom use or self-study. 

Hard cover: $27.50 Soft cover $19.95 


Our hysteresis synchronous motors can be 
made to your specs for either broad or narrow 
band applications, with 300 to 48,000 rpm, for 
15 through 1600 Hz, and with 2, 4, 6, 8, or 12 
poles. We can even mount the polygon for you. 


Call or write 



These are the good basic books you have been looking for. 

These books were designed for teachers, students, executives, managers, engineers, strategic 
planners, human resource specialists, researchers, labor leaders, and anyone interested in 
this leading-edge technology. 


Midwest Sci-Tech 


VERNITECH 

a division of Vernitron Corporation 


17385 Conant, Detroit, MI 48212 
Telephone 313/540-9880 


300 Marcus Boulevard, Deer Park, N Y. 11729 
(516) 586-5100 / TWX 510-227-6079 
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DASHflFEND 

ASSOCIATES 

Our company, Dash, Find & Associates, 
is in the business of placing FORTH Pro- 
grammers in positions suited to their 
capabilities. We deal only with FORTH 
Programmers and companies using 
FORTH. If you would like to have your 
resume included in our data base, or if 
you are looking for a FORTH program- 
mer, contact us or send your resume to: 

DASH, FEVD&ASSOCLATES 

808 Dalworth 
Suite B 

Grand Prairie, TX 75050 
(214) 642-5494 

Communicating Excellence 


HIGH STEPPER 

High Performance Low cost 

Stepper Motor Driver Interface Card 



Cyberpak's HS-2 Stepper Motor Driver/Controller marks a major 
advance in low cost stepper motor control, offering increases in 
both performance and flexibility. 


• Isolated interface to any computer with a parallel port. 

• Drives two stepper motors up to 2 amps/phase. 

• Allows both bipolar and unipolar motor configuration. 

• Chopper drive regulates motor current for increased high 
speed torque with motor voltage to 46 volts. 

• Full, half-step, wave, and inhibit modes computer selectable. 

• Compatible BASIC Single Board Computer coming soon. Ask! 
The HS-2 controller card is available in both single and dual 
motor control versions (single is upgradeable to dual). 


HS-2 Single Controller/Driver $ 99.00 

HS-2 Dual Controller/Driver $139.00 



CyberPak 

PO Box 30, Brookfield IL 6051 3 
C31 2) 387-0002 



8 CHANNEL. 8 BIT ANALOG TO 
DIGITAL CONVERTER WITH 
RS 232C INTERFACE. 


$ 249.00 



Your sensors and the Software Science 
Microtelemetry Module can put 8 channels of analog 

DATA AT YOUR COMPUTER OR TERMINALS FINGERTIPS. 

Simple ASCII commands control the 
Module. 

Raw data, voltage or Software Science’s exclusive 
‘TEMPACHEAP’’ linearized temperature output. 

Sensors, power supplies and accessories are also 

AVAILABLE. CALL OR WRITE FOR CATALOG AND APPLICATION 
NOTES. 

SOFTWARE SCIENCE (513) 561-2060 

P.O. Box 44232, Cincinnati. Ohio 45244 


PERSONAL ROBOTICS EXCLUSIVELY 

FACTORY AUTHORIZED DEALERS 


SENSATIONAL — CONTROL SYSTEM FOR HERO-1 

Write, debug, edit, download programs from yourZ-100, H-89, Apple II, CoCo, PC, others 
MENOS System, includes RS232, 34K, OS in ROM 
from Virtual Devices, Inc. List $595.00 SALE $540.00 


BURN YOUR OWN RB5X PROMS 
Introducing our Tiny BASIC PROM Development System 

Hardware, Software, Documentation — Complete Package for 8073 CPU 

VIC-20 Version $299.95 Commodore 64 Version $349.95 

Dealer Inquiries Invited 


List SALE 

ANDROBOT 

Slave to your computer 
TOPOII 1595.00 1485.00 

Accessories CALL 

COMRO 

On-board 8-bit computer 
TOT CALL 

Accessories CALL 

HUBOT 

On-board 8-bit computer 
Premier 1000 3495.00 3275.00 

Accessories CALL 

IOWA PRECISION 
On board 16-bit computer 
Marvin MKI 5995.00 5785.00 

PERSONAL ROBOTICS CORP. 

On-board 8-bit computer 
Ropet-HR 2499.00 2210.00 

Ropet-XR 2199.00 2030.00 

Accessories CALL 

RB ROBOT 

Download from your computer 
RB5X 2295.00 2058.00 

Accessories CALL 


MOVIT 

Screwdriver Kits— No Solder— FUN 


11 Different $23.65-$70. 15 
ROBOT SHOP 
4 Different $122.00-$360.00 
Many Accessories 
SPECTRON INSTRUMENTS 
Many Different $1 16.50-$372.00 
RHINO 

Scorpion & XR-2 

Q-BOTS 

Variable Configuration $499.00-$462.00 


CALL 


CALL 

CALL 


CALL 


CALL 


Many Different for HERO-1, RB5X, 

Others CALL 


RB ROBOT 

Robot Control Language With SAVVY 
Apple 1 Disk 455.00 408.00 

Apple 2 Disk 595.00 533.00 

RIO GRANDE ROBOTICS 
Application PROMS For RB5X CALL 


TECHNICAL INFO— WE CAN HELP. CALL 

Shipping Over $200 Add 4%. $200 And Under Add 5%. 
Cash With Order Deduct 3%. N.M. Orders Add 4*4% Sales Tax. 
Allow 4 Weeks For Delivery. 


B 

RIO GRANDE ROBOTICS RGH 

1595 W. Picacho #28, Las Cruces, N.M. 88005, Tel. (505) 524-9480 
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C-1500 
SERIES 

ENCODER-TO-COMPUTER INTERFACE 

Buckminster Corporation’s 
C-1500 Series Encoder 
Interface Modules enable 
a microcomputer to keep 
track of position based on 
the outputs of incremental 
shaft encoders. They offer 
continuous operation over 
large distances, bidirectional measurement of linear or 
rotary displacement, and computer settable home 
position. Modules are available for the DEC LSI-11 
and the Pro-Log STD bus. 

The C-1500 Series is part of Buckminster’s C-1000 
Series of building blocks for position and motion 
control. Call us for more information. 

C3C3C3C3C3 BUCKMINSTER CORPORATION 

"cjmiJckj” 39 HIGHLAND AVENUE SOMERVILLE. MA 021^3 
C3C3C3 617B64-245B 


SERVO-AMPLIFIERS 

The Answer in DC Motor Applications 
Up to 3000 Watts of True Servo Power 


SERVO-AMPLIFIERS 

• With digital interface to the computer port. 

• With opto-isolated power drive stage. 

• Up to 25 Amps of true servo drive. 

•Up to 135 volts drive voltage. 

• No powertransformer or powersupply needed. 

• Energy efficient. 

• Drives a standard 90 volt DC motor. 

• Plus to minus direction control switching under full load. 

OrdOr flow. First quantity of 2 at half price. Regular price for the 
3000 watt model 14-25A is $189.95. Lower wattage at lower price. 

Seruo-Ampl'ifiers Inc. 

2 Bloor St. West, Suite 100-265 
Toronto, Ontario Canada 
M4W 3E2 Telex: 06218811 





STEPPING 

MOTOR 

CONTROLLER 


Robotics 
Animation 
Process Control 
3-D Motion 
Drilling 
Milling 


• powerful motion 

commands 

• provides required 

power 

• RS232 interface 



to 4 motors 
from any CRT, 
terminal or 
computer 

acceleration/ 
deceleration 

• simultaneous 4 axis 

moves 

• senses 8 limit switches 


STEPPING MOTOR TIPS COOKBOOK $8 

STEPPING MOTORS - priced from $59 

BIG STEPPER - Standard Version $935 

- with on-board BASIC language $985 

- with on-board CNC commands $1950 

Complete drive package for Apple ll/lle $265 

includes 4 motor positioning software 


CENTROID (814) 237-4535 
Box 739, State College, PA 16804 


Hard to 
up 

with what’s 
going on 
in AI? 


You need 

Artificial Intelligence: 

Bibliographic Summaries of the Select Literature. 

560 pgs. $97.00 ppd. 

Store 

910 Massachusetts*Suite 503RA» Lawrence. Kansas*66044»USA*913/842-7348 

Yes. please send me copy(s) of Artificial Intelligence: 

Bibliographic Summaries of the Select Literature. 

I enclose $97.00 ppd. per copy, payment must accompany order 





Name 

Address 

City State Zip 
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• Hard-to-Find Tools • Test Equipment 
• Tool Kits • Computer Accessories 
• Telecommunication Tools 
• Tool Cases and Chests 
• All this and more in full color 



Jensen’s new catalog is your single source for 
all types of tools and equipment used by 
electronic and telecommunication technicians, 
engineers, sophisticated hobbyists, schools, 
laboratories and government agencies. Send for 
your free copy today. 

JSNSEN TOOLS INC. 

781 5 S. 46th St., Phoenix, AZ 85040 
(602) 968-6241 TWX 91 0-950-01 1 5 


FREE 

CATALOG 

ROBOTICS 

ARTIFICIAL 

INTELLIGENCE 


BOOKS 


If you've been looking for books on Robotics and Artificial 
Intelligence, but can't find them at your local bookstore, try us. 
We specialize in Robotics/AI books for hobbyists and 
professionals. Whether you're interested in building a robot, 
the state-of-the-art in industrial robotics, or intelligent 
machines, we have the selection and service you won't find 
elsewhere. Join our hundreds of satisfied customers. Circle our 
reader service card number or send this coupon directly to us 
for fast response. 

H.D. KOHN CO. 

P.O. Box 16265 Alexandria, VA 22302 

H.” KOh” Co! p"o.‘BOx'i6265 TlEXANDr” VA 22302 

Send a catalog to: 

Name 

Add ress 

City/State 

ZIP 

Your Source for Robotics/AI Books ras 


NIT1N0L 

Shape Memory Alloy 


NITINOL WIRE for ex- 
perimenters; $4 per foot, 
Minimum order $20. 

DESIGN AND BUILD your 
own Robot grippers with 
few moving parts. 

HEAT ENGINES WHICH 
RUN ON HOT AND COLD 
WATER. 

Heat-Actuated valves, sensors, 
shutters, controls. 




Send S3 for 3-inch sample of 
wire and information on Nitinol to: 

TiNi Sales 

3593 Boyer Circle 

Lafayette, CA 94549 



Take 
Control 

3r. It is dc motor driven and is 
quiet and quick acting. At only $249.95 it's ideal for 
education, research, and light-duty industrial applications. 

The Gripper features four sensory outputs: forward and 
reverse limit switches, jaw position and force. Additional 
specifications include: 

• 0" -2" grip range • size: 1" x6" x3" 

• 10 lb squeeze force • replaceable jaw pads 

• weight: 6 oz 

A universal attachment plate, with through tapped holes, 
makes mounting the gripper easy. 

Ordering Information 

CYBOT Gripper $249.95* (call for qty discounts) 

(206)827-6199 

733 7th Avenue ‘Terms: RO. or check. Washington 

Kirkland, WA 98033 residents add 7.9% sales tax. 
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Handy Helpers 

ijandy Products offers a line of eight 
A A low-cost, high-quality solderless 
breadboarding devices designed specifical- 
ly for computer software and hardware test 
and circuit building. The basic HB-0100 Bus 
Strips contain four groups of labeled con- 
tact points (25 per group), providing multi- 
point distribution for power, ground, and 
signal paths. The Handy line includes four 
mounted board configurations. Model 
HB-2112 features two sockets, one bus strip, 
and two binding posts on an 8.7 by 5.4 inch 
aluminum ground plate with 18, 14-pin DIP 
binding posts. Model Model HB-2313 in- 
cludes two sockets, three bus strips, and 
three binding posts; while HB-3514 offers 
three sockets, five bus strips, and four bind- 
ing posts to allow up to 27 14-pin DIP chips. 
The largest, Model HB-4714, includes four 
sockets, seven bus strips, and four binding 
posts to support 37 14-pin DIP chips. Each 
array is mounted on heavy aluminum 
ground plates with rounded corners and 
rubber feet to protect work surfaces. 

All products are in-stock and available for 
off-the-shelf delivery. Quoted prices claim to 
be up to 25 percent lower than comparable 
breadboarding products. A complete, il- 
lustrated catalog is available by contacting 
RSP Electronics Corp, Handy Products 
Division, 7 Business Park Drive, PO Box 
699, Branford, CT 06405, telephone (800) 
34-HANDY. Connecticut, Alaska, and 
Hawaii call (203) 488-6603. Circle 50 


Robot Operating System 

he Menos I System enhances the usa- 
bility and function of a Hero I robot, 
especially with regard to educational and 
training applications. Consisting of both 
hardware and software, Menos I allows the 
user to program a robot in conjunction with 
a personal computer. A high-level computer 
language specifically developed for use with 
Menos I permits a previously unattainable 
speed and efficiency in programming robotic 
tasks. The robot and personal computer 
communicate via an error-corrected, two- 
way digital radio system, providing both im- 
mediate execution and remote programming 
commands. 

Menos I allows the experimenter to write 
complicated programs on a personal com- 
puter using familiar procedures, then 
download to the robot and communicate 
with it while the program is in progress. The 
system even allows the user to see the motor 
positions and sensor readings while the 
robot is moving. There’s no need to tediously 
key commands directly into the robot. 

The Menos I system also offers a simula- 
tion mode, in which the computer screen 
reflects exactly what the robot is doing at 
each step in the program. The programmer 
can use Menos I to write robot programs, 



test them in simulation mode, then store 
them for use with the actual robot. 

The Menos I System comes complete with 
software, a remote computer for the robot, 
and all necessary hardware, as well as a com- 
plete and comprehensive user’s manual. The 
price is $795 with radios included or $595 
with a cable link. 

For further information, contact: Virtual 
Devices, Inc., 4801 Montgomery Lane, Suite 
116, Bethesda, MD 20814, telephone (800) 
762-7626 or (301) 986-9327. Circle 51 



Single-Chip Synthesizer 

he Voice-Chip™ speech synthesizer 
is a single, 40-pin chip that requires 
no external controller or address encoder— 
both are internal. The Voice-Chip uses the 
DataVoice encoding process that assures 
high-quality voice reproduction with little 
filtering. Up to 16 seconds of speech in male 
or female voice can be reproduced. Four in- 
puts are used for activating speech, and they 
can be driven with TTL signal levels, or con- 
nected to ground with simple switch con- 
tacts. Single utterences and continuous 
repeats may be generated. 

Voice-Chip will scan inputs on either a 
priority or a rotating basis. Scanning stops 
when a message has been activated and 
resumes at its completion. Pauses and tim- 
ing delays are programmable. A special in- 
put configuration is available: one input is 
used to activate speech, while the remain- 
ing three are used as addresses to select 
from a maximum of eight varying-length 




messages. No external logic is needed to 
operate the memories. Signals are supplied 
by Voice-Chip, and speech look-up table is 
included in memory to let Voice-Chip know 
which words and phrases to say. Voice-Chip 
operates in a range from 4.5 V to 6.8 V. 

A Voice-Chip demonstrator can be pur- 
chased through DataVoice and its distrib- 
utors. The demonstrator includes a printed- 
circuit board, the Voice-Chip, two EPROMs 
with sample vocabulary, an amplifier, 
speaker, and input keypad. 

For more information, contact: Rick 
Arons, DataVoice Corp., 2 N. LaSalle St., 
Suite 1900, Chicago, IL 60602, telephone 
(312) 831-4488. Circle 52 
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6801 Microprocessor 
Development Aid 

he DMS6801-1 is a Motorola MC- 
6801L1-1 microprocessor-based proto- 
type development board providing engi- 
neers, experimenters, and students with a 
low-cost and versatile system to build and 
test small-to-medium-sized microprocessor 
applications without the need for expensive 
card cages or development systems. All of 
this is accomplished by providing a generous 
breadboard development area supported by 
a resident monitor and logic circuitry 
specifically conceived to ease interfacing the 
microcomputer to the user development 
area. For example, very little, if any, addi- 
tional logic is needed to add more memory 
and peripheral devices. If the user desires 
a minimal system, a TTHevel power sup- 
ply is all that is necessary. If RS-232 com- 
munication facilities are desired, ± 12 V is 
required. 

The DMS6801-1 features a Motorola MC- 
6801L1-1 8-bit microcomputer and con- 
sumes less than 3.5 W. Standard serial com- 
munication rates of 300, 1200, or 9600 bps 
are selectable. RS-232 compatible signals 
are available at an edge-mounted DB25S 
connector. All of the board’s timing and con- 
trol signals, including reset, are buffered. 
Circuitry is provided to demultiplex and buf- 
fer the address for a full 16 bits. The full 
64 Kbytes of address space is fully decoded 
into 32 2-Kbyte segments. A segment of the 
lowest 2-Kbyte memory space is further de- 
coded to provide eight 4-byte wide peripher- 


Educational 
Products Catalog 

ducational Products offers a specia- 
lized collection of 47 best-selling how- 
to electronics books and 17 software pro- 
gram diskettes on robotics and personal 
computers. Catalog titles include Handbook 
of Advanced Robotics, Robots and Robotol- 
ogy, How to Design and Build Your Own 
Custom Robot, Robot Intelligence With Ex- 
periments, The Home Machinist's Hand- 
book, and Microprocessor Interfacing. Spe- 
cialized computer books are offered for 
every major personal computer. 

The Robotics and Personal Computer 
Books catalog (EP-884), is available free 



al select lines and one 64-byte wide select 
line. Additional circuitry provides room for 
more memory, an MC6821P Peripheral In- 
terface, space for a clock/calendar, and an 
8.15 by 5.40 in. prototyping area. The 
DMS6801-1 comes with a manual that con- 
tains complete board details, an overview of 
the MC6801L1-1 features, user component 
installation guide, and references to other 
useful MC6801 information and application 
sources. A Motorola publication describing 
the LILbug monitor is also included. 

The DMS6801-1 microcomputer proto- 
type board is available for $320 for commer- 
cial buyers and $225 for academic institu- 
tions from Decision MicroSystems Co., PO 
Box 120783, Nashville, TN 37212. 
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upon request from Educational Products, 
PO Box 606, Mineola, NY 11501. 

Circle 54 



Robot Gripper 

robotics gripper designed for educa- 
tion, research, and light industrial ap- 
plications has been introduced by Cybot, 
Inc. The Cybot Gripper has a 0 to 2 in. grip 
range and a large squeeze force-to-weight 
ratio, weighs only 6 ounces, and has a 
squeeze force of 10 pounds. The jaw posi- 
tion can be sensed by forward and reverse 
limit switches. Outputs are also provided to 
sense jaw position and force. The gripper’s 
electromechanical system uses a samarium- 
cobalt DC motor which provides extremely 
high torque in a lightweight package. The 
short electrical time constant of the motor 
enables it to be used with efficient pulse- 
width modulation drives. Conventional 
linear drives can also be used and will not 
have to supply more than 100 mA of 
current. 

Mounting the Cybot Gripper to robotic 
arms is relatively easy. Tvo methods are pro- 
vided. A universal mount with four through- 
tapped holes makes connection to sheet 
metal arms easy. Similarly, a clamp is pro- 
vided to attach the gripper to a 0.5 in. shaft. 
An 18 in. cable and connector provides 
power to the DC motor and outputs for sens- 
ing gripper position and force. 

Connecting the Cybot Gripper to a com- 
puter does not require extensive hardware 
design. Because of low power requirements, 
the gripper can be driven with the power 
directly available from most computers. 

The Cybot Gripper is priced at $249.95. 
For more information, contact: Cybot, Inc., 
733 7th Ave., Kirkland, WA 98033, 
telephone (206) 827-6199. Circle 55 
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IBM PC 

Prototype Board 

he Model PC100 is an IBM PC/XT 
compatible prototype board with two- 
level wire wrap pins on the component side. 
The high-density configuration uses no 
more space than a printed circuit board and 
permits mounting on 0.500 in. slot spacing. 
The PC100 accepts ICs with 0.300, 0.600, 
and 0.900 in. pin centers. Extensive power 
and ground planes with uncommitted wire- 
wrap pins provide adjacent access to all ICs 
and other components. Sixty IO holes for 
right-angle D-subminiature connectors are 
provided. For additional circuit capacity, 
plug-in piggyback boards are available in 
four different lengths. A full-size layout sheet 
is included to simplify component 
placement. 

The PC100 is available for $59 from In- 
tercon, Inc., 11 Charlam Drive, Braintree, 
MA 02184, telephone (617) 848-9656. 
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’UTSIM, a program for simulation of 
A . continuous dynamic systems, is now 
available in a short form suitable for evalua- 
tion, demonstration, and instructional study. 
The professional version of TUTSIM for 
microcomputers handles up to 999 blocks. 
The short form TUTSIM has the same syn- 
tax, the same manual, an extended set of 
examples on disk, and all other features of 
the professional version, but is limited to ten 
blocks. 

TUTSIM is available for the IBM PC/XT 
and PC Jr. Other versions are available for 
the Apple II and selected CP/M machines. 
The professional version of TUTSIM sells 
for $475 to $525, the short form retails for 
$29.95. 

For more information, contact: Applied 
i, 200 California Ave. #214, Palo Alto, CA 
94306, telephone (415) 325-4800. 
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CMOS D/A Application Note 


Q devices APPLICATION NOTE 
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nalog Devices offers a free application 
note describing the use of CMOS 
digital to analog converters in microproces- 
sor-based systems. The application note de- 
tails circuit techniques available to the 
designer when only a single + 5V power 
supply is available. Specific topics of discus- 
sion include single-supply operation of 
CMOS digital to analog converters in the 
voltage-switching or current-switching mode 
of operation, selection of amplifiers for 
single +5V operation, and interfacing single 
+ 5V supply digital to analog converters to 
microprocessors. 

For more information, contact: Analog 
Devices, Route 1 Industrial Park, PO Box 
820, Norwood, MA 02062. Circle 58 



Robot Speech 
Command System 



I / OREC, a microprocessor controlled 
\ speech recognition board for the 
Heath Hero I, provides recognition accuracy 
of up to 256 words. Words are stored as 16 
word groups with 16 words in each group. 
The 256 words are stored in 14 Kbytes of 
onboard programmable memory. A battery 
backup allows the Vorec board to retain 
word parameters when the robot is shut off. 
High-speed CMOS chips and the new 
CMOS 6502 microprocessor consume only 
45 mA while active and 1 mA when inactive. 

Speech recognition is accomplished by a 
software algorithm contained in a 2 Kbyte 
EPROM. An external speaker is used for the 
audio input, allowing the robot to receive 
commands from up to 15 feet away. A high- 
level language software package called Vocol 
supports both immediate and deferred ex- 
ecution modes for the robot. Following a 
voice training session conducted by the 
robot, you can speak a set of programmed 
moves or command immediate moves. The 
Vorec board has an RS-232 serial port for 
receiving and transmitting commands and 
data to the host robot. Vorec is compatible 
with all personal computers. 

For more information, contact Microma- 
tion, Inc., 9104 Red Branch Rd., Columbia, 
MD 21045, telephone (301) 730-1237. 
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Feedback Introduces Hi-Tech for Vo-Tech, 
uuith Stimulating Results. 



Electrical Machines 


Communications 


Electronics & Electricity 




Instrumentation & Control 


Hydraulics & Pneumatics 


Microprocessors & Microcomputers 



For Information Call Toll Free: (800) 526-8783 


620 Springfield Ave., Berkeley Heights, 
NJ 07922 • (201) 464-5181 


Feedback’s educational robotics/CNC/CAM equipment 
provides the “hi-tech tools” you need to stimulate, 
motivate and educate. Your students see and 
touch . . . they become involved . . . they 
acquire practical, hands-on experience. Most 
importantly, your students enjoy themselves — while 
you instill a broad base of knowledge, an understanding 
of basic processes, and the desire to go on to 
further education. 


The time to meet the challenge is now. Feedback 
provides the ways and means to do so. 


Feedback: for over 25 years, a leading force in meeting 
the needs of technical education. 
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As a vocational/technical educator, you are faced 
with one of the greatest challenges in decades: 
preparing today’s students for tomorrow’s high 
technology. No easy task, indeed. 

The first step is to make the learning process 
an enjoyable and meaningful one, so the 
student will “allow” himself to learn. That’s where 
Feedback comes in. 


Robotics 







Here’s 



Tutor's modularity lets you begin 
with the basics. Controlling a step- 
per motor is easy. Add optical 
encoders for feedback. Tutor's arm 
gets you into linear and geometric 
motion control. Add the turret 
assembly and the Cybot Gripper™ 
and you're off into complex three 
dimensional robotics applications. 

Going from one experiment to the 
next is easy with Tutor. For example, 
a 5-axis robot can be assembled in 
under 30 minutes! 

Even the electronics are modular. 
Tutor's control electronics use the 
IEEE-696 bus (S-100). A 16-bit cpu 
controls Tutor while 8-bit micropro- 
cessors control the stepper motors. 
This lets Tutor move six stepper 
motors simultaneously. And extra 
bus slots are available for control or 
I/O boards that you might want 
to add. 


An RS-232 port lets Tutor communi- 
cate with most personal computers. 
If you can run a serial printer, you 
can control Tutor. 

Some of the best news is Tutor's 
price. You can get this industrial- 
grade educational robotics kit for 
only $3,395.00. 

Here's how to get your hands on 
Tutor and get into robotics, call: 

800-547-4000 Dept. 610 

In Oregon, or outside the USA, call: 
503-684-3000 Dept. 610 

To order direct, send checks or 
purchase orders to: Cybot, Inc., 

733 7th Ave., Kirkland, WA 98033. 

Distributor and Representative 
inquiries are invited. 

CYBOT 


Introducing Tutor™, a 
modular, reconfigurable 
robotics kit. 


The best way to learn about 
robotics is to build a robot. And 
after you've built it, you'll probably 
think of ways to build it better. That's 
exactly why we designed Tutor. 


The Cybot Tutor™ is actually an 
educational robotics kit — an envi- 
ronment for studying the principles 
of robotics in detail. It gives you 
hands-on experience building, 
programming, and using robots. 


A Robotics Company Circle 11 


Cybot, Cybor Tutor, Cybot Gripper are trademarks of Cybot, Inc. ® 1984 by Cybot. Inc. All rights reserved. 



